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Abstract 
Abu Dhabi emirate consume about 1 30 mi l l ions AED in  a i r  cond ition ing 
electricity bi l ls ,  this amount is only for 700 bu i ld ings in  Abu Dhabi C ity and 300 
bu i ld ings i n  Musafah d istrict. Abu Dhabi city consumes 239.70 Kw/m2/year; however 
Musafah district consumes 1 79.92 Kw/m2/year. The difference came from different i n  
total area of  g lass bu ild ing facades between Abu Dhabi city and Musafah d istrict 
bu i ld i ngs .  Despite the fact that Abu Dhabi  is one of the hottest cities in the Gu lf 
reg ion,  its modern office bui ld ings are characterized by g lass facades. Such a 
concept comes with increased a ir  cond it ioning operational costs due to the h igher 
solar gain.  Arch itects and engineers should understand the behavior of the bui ld ings 
they design if environmental performance and comfort are to be ut i l ized . The overal l  
performance of g lazing elements in  an office bui ld ing can be enhanced when they are 
designed to be part of a complete fayade system.  Designers can reduce glass 
facades related energy losses by reducing air leakage through the external skin ,  
us ing h igh  performance windows, i ncreasing insulation levels,  and min imizing thermal 
bridg i ng .  In terms of energy efficiency, the use of double sk in facades (DSF) has also 
gained i ncreasing popularity in many parts pf the world . This technique can increase 
comfort, reduce operating costs , and reduce overa l l  energy. Despite these 
advantages, there is a l i ttle experience of using DSF techn ique in the Gulf reg ion; 
main ly beca use of the addit ional costs associated with mu lti-layered facades and 
need to be convinced of the advantages of this type of construction , In add ition to that 
DSF technique need specific s imulation program with very h igh accuracy resu lts or 
m i rror image model of DSF techn ique to only th ink to use this technique in  our  
reg ions. 
This thesis examines the growing interest i n  us ing glazing elements and 
integrat ing the most advanced transparent facades into high performance sustainable 
office bui ld ing in Abu Dhabi, taking into consideration the cl imatic condition of the city. 
D ifferent orientations, d ifferent systems of s ingle skin fayade and Double skin facade, 
different types of glass based on over all heat transfer value (U-value) have been 
tested , using Hourly Analysis Program version 4 .20 (HAP 4 .20) which is one of the 
most famous simu lation programs in  air cond itioning load analysis. 
The study has concluded the fol lowing:  
1 - The use of g lazing facades has gained increasing popularity in  office bui ld i ngs 
i n  Abu Dhabi , despite a lack of knowledge about the energy impact. 
2- Attention is g iven to the use of double skin fatyade systems, since these al low 
natural venti lat ion, provide a degree of sound insulat ion, provide a reduction in  
energy consumption,  and increase occupant comfort . 
3- New construction technologies and better integration strategies can change 
the perception of g lass facades from "energy losers" to "energy managers" . 
4- The use of advanced facades such DSF wil l incorporate dynamic elements to 
provide the control needed to environmental conditions and reduce energy 
consumption in  office bui ld ings. 
5- I t  is  important for arch itects and engineers to understand the behavior of the 
bu i ld ings they design if environmental performance and comfort a re to be 
maximized. To ach ieve appropriate cond itions in office bui ldings. 
6- The challenge that remains to adapt the new advanced facades is that; these 
tech n iques require an economic justification. The potential energy savings 
m ust be converted into rea l  money in order to make real comparisons with the 
construction costs of bui ld ing facades. 
I I  
Chapter 1 
Introduction 
1.1. Introd uction to the Study 
There are many d ifferent types of  bui ldings and each has d istinguishing 
characteristics very d ifferent from the other. While many of these differences are 
m i nor, some are so significant that the bui ld ings cannot be compared to each other 
easi ly. An office bui lding is considered as one of the main bui ld ing types which have 
i mmed iate impact on the environment, both in their local ity and in the locations that 
provide materials for construction. It is vita l ,  therefore, to turn the principles of 
susta inable development into practice. It is important to min imize harmfu l impact by 
increasing energy efficiency, whether the office bui ld ings are just being designed or 
are a l ready bu i lt .  Energy efficiency has important environmental benefits. Use of less 
fuel reduces emissions of pol lutants that threaten the health of people, animals ,  
plants and ecosystems. It is important for bui lding professionals to understand the 
behavior of bui ld ings they design if envi ronmental performance and comfort are to be 
max im ized .  With l imited budgets, design teams must be able to zone in on areas of a 
bu i ld ing design where the most environmental and economic effect wi l l  occur. 
D ifferent solutions are needed depending on function of spaces, bui ld ing materia ls ,  
techn ical services, and construction techniques. 
There are a variety of approaches to increase energy efficiency of office 
bu i ld ings .  These approaches take into consideration the total environmental and 
economic impact, energy sources,  performance from material extraction, design and 
construction ,  operations and maintenance, bui lding reuse or deconstruction and 
d isposa l .  The bui lding skin, which separates the interior spaces from the outdoor 
environment ,  is an important concept for energy efficiency. All components of the 
bu i ld ing skin need to work together to regu late the i ndoor environment. Bui ld ing skin 
is considered a selective pathway for a bui ld ing to work with the cl imate , responding 
to heating ,  cool ing,  venti lation ,  and natural l ighting needs. It determines the physica l  
processes and plays a dominant role on the overal l  energy performance of an office 
bu i ld ing .  It controls heat transfer ,  solar radiation,  and airflow. I t  must balance 
requ i rements for venti lation and dayl ight wh i le provid ing thermal protection 
appropriate to the climatic cond itions (Reid, 2001 ) .  Fac;ade design is a major factor i n  
determin ing the amount of energy used in  office bui ld ings. Arch itects and engineers 
should integrate fayade design with other design aspects including material selection, 
dayl ight, heating , venti lation, and air-conditioning.  Bu i ld ing function is the second 
important factor i n  fayade design.  Activities and equ ipments inside the office bui lding 
generate a sign ificant amount of heat, the thermal loads may be primarily i nternal 
rather than external .  This affects the rate at which a bui ld ing gains or loses heat. 
Bui ld ing forms,  volume, and orientation a lso have significant impacts upon the 
efficiency of the bui ld ing fayade. Glazing systems have a great impact on energy 
efficiency. Appropriate glazing choices are varied , depending on the type of bui ld ing 
fayade . I n  the Emirate of Abu Dhabi , with its hot climate, the main strategy is to 
control heat gain by keeping solar energy from entering the indoor space while 
a l lowing reasonable visible l ight transmittance for views and daylight. (Straube and 
Straaten , 2001 ) .  
1.1.1 Introd u ction to Abu Dhabi Emirate 
Abu Dhabi is the capital of U .A. E .  and largest among the seven Emirates 
form ing the Un ited Arab Emirates. Accord ing to the 2001 statistics, it forms 86% of 
the total UAE area with a popu lation of 928,360 inhabitants (M in istry of Publ ic Work of 
Housing,  2001 ) .  As far as oi l  production and reserves are concerned , Abu Dhabi is 
the fi rst among other Emirates forming the UAE Alone it owns 1 1  % of the total world 
reserves that is about 1 00 bi l l ion barrels of oil and 60 bi l l ion cubic meters of natura l  
gas. Due to its strategic geographica l  situation with borders with Qatar, Saudi  Arabia 
and Su ltanate of Oman, Abu Dhabi is also counted as a major re-export trade centre 
i n  the whole reg ion. Adopting a free market economic pol icy with no taxes levied on 
profit or income, the Emirate became a focus polarizing money and businesses, as 
wel l  as a start ing point for international fi rms hunting for other neighboring and Asian 
markets. 
Abu Dhabi is d ivided i nto th ree major reg ions for admin istrative purposes (see 
figure 1 - 1 ) . The fi rst region includes the city of Abu Dhabi which is both the capital of 
the emirate a nd the federal capita l .  Abu Dhabi's second reg ion is known as the 
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Eastern Reg ion , which include A I  Ain city. This ferti le area is rich in  greenery with 
plenty of farms, publ ic parks and Important archaeological s ites. AI Ain is also 
connected to the outside world through AI Ain I nternational Airport .  The Western 
Reg ion ,  the emirate's th i rd admin istrative sector, is made up of 52 vi l lages and has as 
its capita l Bida Zayed or Zayed City. Extensive forestation covers at least 1 00 ,000 
hectares, i ncluding more than 20 mi l l ion evergreens. The country's main onshore oil 
fields are located here ,  as is the country's largest oil refinery, at AI Ruwais. I n  addition 
to the three mainland regions of Abu Dhabi , there are a number of important islands 
with in the emirate includ ing Das, M ubarraz, Z i rku and Arzanah,  near where the main 
offshore oi l  fields are located . C loser inshore are Dalma, S i r  Bani Vas, Merawah ,  Abu 
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Figure 1 - 1 Abu Dhabi MAP from National Dri l l ing Company, 2002 
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1.1.2 Susta i n able Office B u i ld i ngs 
Listen , the environmental movement is not about protect ing the fishes and the b i rds 
so much as recognizing that nature is the infrastructure of our commun ities. I'd say 
the most patriotic thing you can do is to take care of the envi ronment and try to l ive 
sustai nably. Robert F .  Kennedy, J r . ,  National Resource Defense Fund , 2005 
Sustainable design (also referred to as "green design" , "eco-design" , or "design for 
environment") is the art of designing physical objects , the bui lt environment and 
services to comply with the principles of economic, socia l ,  and ecological 
sustainabi l ity. I t is a growing trend with in the fields of architecture, landscape 
a rchitectu re ,  u rban design ,  u rban planning,  engineering ,  g raphic design ,  industrial 
design ,  i nterior design and fash ion design . 
The needed aim of sustainable design is to produce places , products and services i n  
a way that reduces use of  non-renewable resources,  min imizes environmental 
impact, and relates people with the natural environment. Sustainable design is often 
viewed as a necessary tool for achieving sustainabi l ity. Sustainable design is general 
reaction to the global "envi ronmental crisis" ,  i .e. , rapid g rowth of economic activity 
and human popu lation , depletion of natural resources , damage to ecosystems and 
loss of biodiversity . (Shu-Yang,2004) 
1 . 1 .2 .1  Office Build i ng 
I n  the words of office design consultant and author Francis Duffy, "The office bui ld ing 
is one of the great icons of the twentieth century. Office towers dom inate the skyl i nes 
of c ities in every continent. The most visible i ndex of economic activity, of soc ia l ,  
technologica l ,  and  financial progress, they have come to symbolize much of what this 
century has been about." 
Office bu i ld ing is the most tang ible reflection of a profound change in  employment 
patterns that has occurred over the last one hundred years. I n  present-day America, 
northern Europe , and Japan ,  at least 50 percent of the working population is 
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employed in  office settings as compared to 5 percent of the population at the 
beg inn ing of the 20th century.  
To accomplish this impact , the bui ld ings must benefit from an integrated design 
approach that focuses on meeting a l ist of objectives. Through integrated design,  a 
new generation of h igh-performance office bui ld ings is beginn ing to emerge that 
offers owners and users increased worker sat isfaction and productivity , improved 
health , g reater flex ib i l ity, and enhanced energy and environmental performance. 
1.2 Aim and objectiv�s of the study 
The main a im of this study is to draw gu idelines for an energy efficient office 
bu ilding by integrating the optimal parameters for advanced fayade into sustainable 
office bui ld ings in the Emirate of Abu Dhabi and similar cases. Attention is given to 
the use of double skin fayade systems, since these al low natural vent i lat ion, provide a 
degree of sound insu lation,  provide a reduction in  energy consumption ,  and increase 
occupant comfort. 
The conclusion and recommendat ion wi l l  be based on the information and 
lessons obta ined from similar studies and experiences drawn from a l iterature review, 
to establ ish theoretical requ i rements and an analysis of the ex isting circumstances i n  
Abu Dhabi and s imi lar  cities. T o  achieve t h e  a i m  of the study , the fol lowing related 
objectives would be ident ified : 
• To analyze and assess trends in  energy used (renewable and non­
renewable recourses) . 
• To identify the performance of the bui ld ing skin that separates the interior 
of office bui ld ing from the outdoor environment. 
• To reduce energy consumption in cool ing load of office bui ld ings by 
reducing the overal l  heat transfer coefficient "U-value" and Shading 
coefficient in g lass materia l .  
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• To integrate the most advanced facades into office bui ld ing in hot climate 
cities in  order to reduce energy consumption by reducing heat ga in ,  al low 
natural venti lation , provide a degree of sound insu lation,  provide a 
reduction in  energy consumption ,  and increase occupant comfort . 
1.3 Research Methodology 
O nce the field area was identified , it was necessary to select an  
appropriate research approach and to design a comprehensive outl ine with 
the above aim and objectives. The study is d ivided i nto three main phases 
(see figure 1-2): 
Phase 1: Theoretical background and l iterature reviews on energy 
recourses ( renewable and non-renewable energy resources), advanced 
types of bui lding facades suitable for office bu i lding in hot cl imate , and 
su itable techniques and glazing systems . Th is phase assess and defi nes 
precisely as possible causes of the problem from scientific point of view 
trying to relate it to reduce energy use in office bui ldings in Abu Dhabi and 
s imi lar  cond itions .  
Phase 2:  Analytical work,  includ ing data col lection from interv iews, 
governmental department's data base, data analysis and s imulation. 
Phase 3: Translating theoretica l understanding and lessons learned from 
l iterature review and comparing them with practical work. Based on this 
comparison ,  the study has reached to final conclusion and 
recommendations .  
1.4 Experiments and data analysis 
Different over all heat transfer coefficient U-value and Shading coefficient wi l l  
be examined , to  ach ieve an optimal energy performance. The office bui ld ing has to 
interact effectively with the UAE environment. This concept is known as cl imate­
responsive architecture. the program used in the practica l is very common and 
powerful  an  addition it is used a l l  around the world to calculate the Air Cond it ioning 
load , the program ca l led Hourly Analysis Program version 4.20 a copyright © carrier 
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corporation 1 999-2004 . Comparing results obtained from the above model with the 
ex isting situation through case studies. These case studies were selected from the 
Emirates of Abu Dhabi. 
1.5 The structure of the research 
As the fi rst stage of the study, chapter two discusses energy resources and, 
bui ld ing material  and chapter 3 discuses advanced fac;ade. Stage two covers chapter 
4 d iscuses analytical work .Stage three, which is covered in  chapter 4 I ncludes a l l  
analytical work carried out .  This work is wi l l  compare and contrast three types of 
bui ld ing exteriors - two with windows of d ifferent glass areas (25% and 55%) without 
a double-skin fac;ade (DSF) technique and one bui ld ing with a 55% glass area with a 
DSF technique.  I n  each case , the study wil l include two window orientations - east­
west and a north-south . 
1.6 Expected impact of the research 
This study aims to red uce energy consumption in office bui ld ing with in  the UAE 
environment in order to save energy, save the environment, and save money. This 
m ight help designers a nd planners in  reaching the optimal  design approach for 
efficient office bui ld ings for the UAE and similar environment. 
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1.2 The structure of the research 
Integrating Advanced Facades into Susta inable 
Office Buildings in the Emi rate of Abu Dhabi, UAE 
I I I 
Theoretica l  and Literature review Analytica l Work � 
I L, I • Hourly Analysis 
Fa�ade Types 
Energy Resources 
Program 4.2 (HAP) 
I I Different Para meters I I Tested l J l J Techn ique Materia ls I I 
Data Ana lysis 
Conclusion 
F inal Recommendation 
'- -- - -
CHAPTER 2 
Energy Resources and Building Materials 
2. I ntroductio n  
This chapter cover Non-renewable, renewable resources and bui lding materials ,  Non­
renewable resources include o i l ,  Natural gas the most non-renewable resources used 
and consumed in the Un ited Arab Emirates and Gulf region, and coa l which is the last 
type of non-renewable resources . renewable resources include Nuclear power, Solar 
energy, Geothermal energy, Hydro electricity, Hydrogen fuel cell and others l ike 
B iomass which is  used only i n  developing countries, Energy from tides , and Wind 
energy ,  in  general most of these renewable resources were not used in  our region 
because of many reasons, but in my opin ion there are no reason in not using solar 
energy.  
The exterior material of the cladding system is the fi rst and sometimes the only 
defense against water penetration and other environmental conditions. It also 
s ignificantly defines the esthetics of the bui lding. We must careful ly analyze the 
abi l ity of the material and its attachment method to resist deterioration caused by 
severe weather, freeze/thaw cycl ing in colder climates , h igh temperature and humidity 
in  warmer cl imates , and un ique factors such as pol lution in  large cities or industrial 
a reas. 
M aterials used for c ladd ing ta l l  bu i ld ings fal l  into six general categories. These are 
cementations, masonry ,  stone, meta l ,  plastic and glass. With in  each general 
category many subcategories exists. The fol lowing information attempts to identify 
these subcategories and provide design criteria for their selection and use. 
2.1. Nonrenewable resources 
2.1.1. Oil and Natu ral Gas 
Oi l ,  coal and natura l  gas are the main types of the fossil fuels. Oi l  is the highest in  
price, but coal is the cheapest . The reason behind a l l  these types of fossi l  fuels is  
caused by the remains of organ isms and plants. Formation of fossil fuels goes 
through four  main steps: 
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1 )  accumulation ,  2 )  burial of the organic matter, 3) heating and converting to 
petroleum by process of maturation and 4) the migration into a reservoir F igure 1 -1 
shows the rock cycle and the main types of rocks 
The main reason for using fossi l  fuels In our reg ion is the avai labi l ity and richness of 
this kind of fuel .  The common cond ition between al l  types of the fossils fuel is place of 
formation in  sed imentary rocks (Abdul  Jawad , 2006) 
Requ i rements for the formation of fossi ls are the fol lowing : 
( 1 )  Favorable source rocks - rocks that are capable of producing hyd rocarbons ,  need 
to have enough concentration of organic matter. 
(2) Reservoir rocks are rocks capable of storing large amounts or q uantities of oi l and 
gas l i ke sandstone. In addition to these criteria ,  these rocks should have high 
porosity the amount of void spaces i n  rock a nd h igh permeabil ity, the ease that fluids 
move through a rock determined by the d iameter of the channels which connect the 
pore spaces. 
(3) Traps. There a re two main types. The fi rst type is a structural trap and can be 
divided in to two types - fold and fault 
The Rock Cycle 
A���� Cl� italian Mtltlng (oooing nd aolldltle:n onI 
�--------411""( ...... _-,-_ �e g Tr.-..pOl1. 
end 
� Lin CWllon 
4 Cefn en.-Jon 
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Figure2- 1· rock cycle, (Abdul Jawad , 2006) 
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a) A fo ld is created by tecton ic force when rocks are folded or bent then 
hydrocarbons migrate up and are trapped in  the crest. 
b) A fault is created by a fracture when an impermeable layer of soil structure 
exists on top of a permeable layer. 
The second type of trap is cal led a stratigraphic trap. This one can be divided into two 
types - pinch out and unconformity. 
Pinch out occurs when sed iments are deposited due to lateral change in  the 
environment of deposition .  Then a lens of permeable sand is  covered by less 
permeable s i ltstone and shale forming a pinch trap. 
Unconformity occurs during a period of erosion and or non-deposition that 
leads to permeable reservoir rock being overlain by an impermeable un it .  
Formation of Sedimentary Rock occurs in these steps: 
a) Weathering and Erosion 
b) Transportation 
c) Deposition 
d) Lith ification (cementation and compacting) 
A) A breakdown of rocks is d ue to weathering and is fol lowed by erosion (the 
process of gradual ly destroying rock surface due to weathering) .  
8) Transportation. Streams and rivers transport the products of weathering to their 
sites of deposition (muddy waters of evidence) .  
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C) Deposition. When rivers or streams enter the ocean or a large lake, they deposit 
their sed iment load Deposition occu rs whenever there is a sudden decrease in 
stream velocity (for example in a delta) . 
D) Lithification. The process of l ith ification converts unconsolidated sed iment into 
sed imenta ry rock There are two types of l ith ification - cementation and compaction. 
(Abdu l  Jawad , 2006) 
2.1.2.Coal 
Formation of Coal 
A) Peat swamps are an accumulation if organic debris req u i r ing stagnant 
water (that does not conta in  oxygen) 
8) Cyclothems occur due to the fol lowing processes: 
1 .  Organic matter accumulates in a coastal swamp 
2 .  Transg ression of sea water over a coasta l swamp causes Q.!ID to be 
covered by sand and mud 
3 .  The process is repeated result ing in  alternating layers of 
marine and non-marine deposits. 
C) Delta forms where a river meats the ocean and deposit its sediment. 
D) Glacia l  ecstatic sea level fluctuations are repeated cycles between 
g lacial and i nterg lacial periods result ing in repeated fluctuation in sea level and 
alternating marine and non-marine deposits i-. __ 
What happens after burial? 
1 Increase i n  temperature and pressu re 
2 Compacting .  
3 .  Line of  mOisture and  volati les. 





20 feet of peat is needed to form 1 foot of coal 
Coa l Qual ity 
Coal qual ity is measured by rank and grade. Rank is a measure of the heat content 
whereas g rade measures coa l purity. Peat is ranked as the lowest in q ual ity whi le 
anthracite is ranked as the hig hest. An increase in moisture and volati les content in 
the coal leads to a decrease in  qual ity. 
There a re two measures of coal grade wh ich include sulfu r  and ash content. The 
h igher the amount of su lfu r and ash ex ists in coal, the lower the q ual ity. In add ition ,  
ash content produces severa l difficult ies. 
Ran k  
1. Peat ( lowest rank) 
2 .  Lig n ite 
3. Sub bituminous 
4 .  Bituminous 
5. Anthracite ( highesI rank) 
Problems with Ash Conte nt 
1. takes 5 - 20% of orig i na l  volume of the coal 
2. is non combustible 
3 .  lowers heat content of coal 
4. creates d isposal problems 
Environmenta l Problems 
Coal m in ing  generates several environmental problems such as 
1. M ine subsidence 
2 .  Abandoned structures 
3. Loss of soi l  
4 .  High E rosion rates 
5. Poor water qual ity (acid mine drainage) 
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Coal  Min ing  
There a re two methods of m in ing coal .  These include subsurface and su rface min ing .  
A .  Subsurface coal min ing 
1 .  Conventional method 
a.  coal is blasted 
b .  broken up coa l is loaded into shuttle cars 
c. shuttle cars carry coal to the su rface 
2. Conti n uous method 
a .  Coal i s  cut from face and loaded d i rectly onto a conveyor belt that 
carries 
it to the surface. 
B .  Surface (strip) 
1 Reclamation 
Coal Minin g  Impact 
Coal m in i ng affects people are weil as the envi ronment. Some serious health effects 
include eye and breath ing problems. Furthermore,  coa l min ing damages the 
environment by generat ing harsh chemicals which destroys nature and destabi l izes 
earth  structure .  Some negative effects include 
1. eye sores and respi ratory d iseases 
2 .  steep unstable slopes 
3 .  d isrupts natural dra inage of the area 
4 .  acid m ine dra inage creates ox idation of pyrite 
5. yel low boy (hydroxide mineral) precip itates lowers the esthetic qual ity of 
streams 
Clean Coa l  Technology 
Envi ronmental concerns lead to the development of clean coal technology. Some 




B .  Post - combustion. 
Scrubbers 
C .  Conversion 
Coal gasification (Miller, 2003) 
I n  the earl ier period Abu Dhabi Emirate depend in  Diesel wh ich is one of the oi l  
components , but Diesel not friendly to the environment (see figure 2-3) when 
compare D iesel to Natural Gas So, currently Abu Dhabi Emirates depend in Natural 
Gas in producing electricity. 
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Figure 2-3: Carbon d ioxide emissions per Un it of energy produced, (AL Hawari I 
2006) 
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2.2 Renewable Resources 
Energy Sources 
The most used sources of energy a l l  over the world are fossi l  fuels, but non-fossi l  
fuels 
are l imited (general ly used in  developed countries) compared to the fossi l  fuels see 
figu re 2-4 . (AL Hawari , 2006) 
o Other 
Renewable 











The ma in  types of non-fossi l  fuels include nuclear, solar, geothermal ,  hydroelectricity, 
hydrogen fuel cel l ,  biomass, tides and wind. 
2.2. 1 Nuclear Power 
N uclear power is produced by fission reactions of uran ium.  These reactions produce 
heat which is transformed i nto water. The water gets boi led and the steam produced 
from the reaction is used to drive the turbines to generate electricity. 
U ran ium (U) can be found in sedimentary rocks when U is precipitating from 
sed iments duri ng reducing conditions (poor oxygen) .  U ranium is a non-renewable 
resource , but one uran ium pel let can produce as much electricity as one ton of coa l ,  
ha lf ton of wood , three barrels of oi l  o r  1 7 ,000 cubic feet of  natura l  gas. 
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Environmental Impact 
A reactor melt down is the biggest risk that could happen during nuclear power 
production when the cool i ng system fal ls .  I n  addition , the products of nuclear power 
generation l ike reactor water and depleted fuel can not be disposed because these 
by-products wi l l  remain rad ioactive for hundreds of years. 
2.2.2 Solar Energy 
Solar energy is one of the un l imited and free suppl ies of energy. It is d i rectly used 
from the external environment. clean during production of the electricity and one of 
the least environmental ly harmful . These are considered as the main advantages of 
solar energy. However, the cost of the solar cel ls. its ineff iciency (on ly 15% of solar 
rad iation is converted into electricity). the need of sunny areas (does not work at 
n ight) and storage are considered d isadvantages of solar energy. 
Photovolta ic or photoelectric cel ls are used to convert sun rad iation into electricity. To 
operate a 1 DOw l ight bU lb. you need one square meter of solar panel. so to run a 
smal l  factory a very large area wi l l  be requ i red . In  addition to the normal uses which 
convert sun radiation to electricity. we can use it as a solar water heater by using 
h uge array of mi rrors which are used to concentrate the solar radiation in a smal l  
space that wi l l  produce very h igh temperatures - about 33,000 degrees Celsius was 




F igure 2-5: Photovoltaic modules . (AL 
Hawari . 2006) 
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Solar  Ponds 
Solar ponds are systems which could be used as storage devices. These systems 
depend on energy transferred by convection to heat water to make it i nto steam. In  
genera l ,  solar ponds have a dark bottom to absorb as much as solar rad iation and 
they are fi l led with sal i ne water (water with Nacl or mgcl2). 
How Solar  Ponds Work 
At the beg i nn ing we can divide the solar pond into three main zones or sections. The 
first zone is  ca l led storage zone and is the densest section of the three. The main 
criteria of this zone are the convectivity. It can store temperatures up to 85 0 Celsius. 
The next zone is known as the non-convective zone or insulation zone. This zone is 
less dense than the first zone and as the name indicates - the zone works as 
insu lation layer. The last section comprises of relatively fresh water cal led the surface 
zone. 
This type of horizontal flat plate col lectors is considered as the least expensive type of 
solar  col lectors for many reasons. For example, availabil ity of the salt i n  Sabkhas is 
very h igh i n  solar radiation and temperature. Shal low ponds and salt  g rad ient ponds 
are the two main types solar ponds. Both types face the same l imitation to low 
temperature appl ication .  This circu lation of water is needed to balance the 
temperature in the solar pond. The steam product from the bottom layer is possible to 
d rive turbines to produce electricity. 
2.2.3 Geothermal Energy 
Magnetic activities make up about 70% of the main source of geothermal energy, but 
the rest can be extracted from earth formation . The largest geothermal electrical 
plant is  the Geysers , in  Cal ifornia. 
There are many other sources of geothermal energy such as hot water reservoirs (the 
com mon uses of this type is space heating production), natural steam reservoirs ,  and 
geopressured reservoirs. 
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I n  any area of the world , normal geothermal gradient for each 1 km below the earth 's 
surface the temperature wi l l  increase 30° Celsius. The main l im itation of this source 
is the dangerous method of extraction from the hot dry rock and molten magma.  
Uses of geothermal energy (sources below 150 degrees Celsius): 
1 Space heating 5 .  Agricu ltu re 
2 .  Hot water 6. Industrial  Process 
3.  Resorts and Pools 7. Drying 
4. Melt ing snow 8. Greenhouses 
When the source of the geothermal energy reaches more than 1 50 degree Celsius, 
then we can use it to produce electricity by using the underground steam to drive the 
turbines d i rectly. This is done by injecting water or organic flu id wh ich has a lower 
boi l ing point in the well to produce steam.  This steam wil l  drive turbines, and then the 
steaming water must be injected back into the wel ls to balance the system of earth 
layers (see figure 2-6) .  
F igure 2-6: Geothermal energy productions, (AL Hawari , 2006) 
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Iceland is the most successfu l country to use the geothermal energy where it is used 
for 86% of their  space heat ing and 1 6% of their electricity. 
Geothermal Harmfu l Effects 
1 .  can sal inate the soil with brine, so the water must be injected back 
again intoJhe wel l  
2 .  land subs idence could happen from the large extraction of water, so the 
g round may release H2S which can be fatal if too much is inhaled 
3. noise pol lut ion during the dri l l ing of wells 
Geothermal  Positive Effects 
1 .  Z inc can be extracted from the underground water (useful mineral in 
general ) .  
2 .  Creates jobs and less pol lution compared t o  fossil fuels. 
3. Geothermal plants can be onl ine from 90% to 1 00% of the time compared 
to coal p lants (75%) and nuclear plants (65%) .  
4 .  Needs smal l  amount of  land for plants (around 400m2) . 
5. No gaseous emissions are created at a l l .  
6 .  Geothermal plants emit 1 000 to 2000 t imes less carbon dioxide t han the 
fossi l  fuel plants .  
One of t he greatest l imitat ions of the geothermal energy is the fact that rocks do not 
t ransmit heat in an efficient way. Furthermore, plant location is problematic because 
proper geothermal plants or fields must be close to the plant boundaries. 
2.2.4 Hydro-electricity 
This kind of energy is generated by the flow of water th rough dams and reservoi rs to 
drive turbines to produce elect ricity. Approximately 6% of th is energy is used 
worldwide to produce electrical power. 
Advantages of Hydroelectricity 
1 .  Renewable. 
2. Efficient in  that most of the kinetic energy is converted into elect rical energy. 
19 
3. C lean and stable in  price. 
4. Generated very qu ickly. 
5 .  On ly  requires turbines and generators . 
6. Supports fisheries. 
7. Creates tourist recreational activities. 
Disadva ntages 
1 .  expensive construction of hyd roelectric plants 
2 .  plants need to be  constructed on specia l  sites o r  in  certai n  locations 
3. can effect rivers and water suppl ies i n  negative ways 
2.2.5 H ydrogen Fuel Cells 
How Hydrogen Cel ls Work 
Hydrogen flows into the Anode (-) and Oxygen to the Cathode (+) . The hydrogen is 
attracted to the cathode . It reacts with the catalyst, losing an electron .  The proton 
reaches the cathode by diffusing through the membrane; the electrons flow through 
an external circuit proving electrical power. The electron ,  proton and oxygen 
recombine on the cathode making water. 
Main Disadvantages 
The main  disadvantage of this technique is the cost (expensive) . On the other hand,  
there are many techniques avai lable to produce hydrogen, for example by 
a) By using CH4 in steam reforming .  
b)  By using water to produce electrolysis. 
c) By burning agricultural waste and wood to produce biomass gasification.  
d) By using some kind of bacteria . 
Main Advantages 
1 .  Considered renewable because it depends basically on water. 
2 .  F riendly to the environment. 
3. Could be used anywhere (adaptable). 
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2.3. Other Alternative Sources of Energy 
2.3. 1 . Biomass 
Many developing countries depend on b iomass energy. 
Advantages of Biomass Energy 
1 .  Renewable 
2. Gas emissions are less then fossil fuel emissions. 
3 .  C reates jobs 
4. Generates disposal problems. 
Disadvantages 
1. Releases high amounts of C02. 
2. Possible negative effect on air  quality. 
3 .  Deforestation problems. 
4 .  Negative effects on  soi l by decreasing the amount o f  nutrients. 
5 .  Takes up large amounts of  space. 
2 . 3.2 .  Energy from Tides and Waves 
Simi lar  to hydroelectricity, tides and waves drive turbines to generate energy. 
There a re many types of turbines, for example 
a) Bulb turbines. 
b) Ebb generating system. 
c) R im turb ine.  
d) Tubular turbine. 
e) Tidal fences. 
f) Osci l lating water column .  
Adva ntages of  Turb i ne Energ y 
1. Renewable. 
2. Abundant 
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3. Friendly to the Environment. 
4 . F ree (tides and waves) 
Disadvantages 
1 .  D isturbs marine l i fe .  
2.  Construction of plants is expensive. 
3 .  H igh mai ntenance cost. 
4. Wave fluctuat ion. 
2.3.3. Wind Energy 
Wind turbines main ly come in smal l ,  intermediate and large sizes . You can find small 
turbines in  homes and farms,  but the intermediate turbine ( 1 0-250kw) cou ld be found 
in  generat ing power for a vi l lage. Large turbines (250kw - 2mw) are used in  central 
station wind farms to distribute power see figure 2-7. 
Advantages of Wind Energy 
1 .  Green power 
2. free 
3. renewable 
Disadvantages of Wind Energy 
1 .  wind fluctuation and extreme weather conditions 
2. creates noise 
3. is very expensive, fi nal ly 
4 .  is only feasible i n  l imited regions 
F igure 2-7: Wind Energy farms, U.S wind program 
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Energy Management 
Energy management is the effective use of energy to minimize cost and waste and 
maxim ize profits . The main goals of energy management are to min imize cost and 
maximize profits. 
In addition to these goals, there are other aims such as the following:  
1 .  I mproving energy efficiency and reducing energy consumption 
2 .  Wise energy usage 
4. Reducing harmful effects of energy. 
Even smal l  efforts in energy management can result in 5% to 1 5% in financial gain ,  
but by using the program in new bui ldings savings can increase from 70% to 80%. 
Many environmental problems came to the forefront of publ ic concern in  the late 
1 980's. By using an energy management program, these problems wi l l  be min imized 
in the fol lowing ways: 
1 .  Reducing acid rain 
2 .  L imit ing g lobal cl imate change. 
3 .  L imit ing ozone depletion .  
4 .  Improving national security 
5. Help ing other countries 
I n  genera l ,  an energy management program shows that by reducing energy cost and 
energy consumption, we can use the savings to solve other problems. Although 
energy management cannot solve all the world problems, but at least it can g ive us 
more time to create and develop new energy sources (AI Amir i ,  2005) . I n  spite of the 
clear advantages of both renewable and nonrenewable resources, the disadvantages 
of each paint a very dark picture and show the magnitude of the problem that we are 
faced with nowadays i n  energy supply and demand. 
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2.4 B u i l d i n g  Mate r i a l s  
2.4.1 Cementations Materia ls 
Materia ls  which have cement as their primary b inder are referred to as 
cementation m ateria ls .  They may be cast-in-place or concrete with a wide variety 
of admixtures , reinforcing , and plaster-type materials ,  or cementit ious boards.  
N ot a l l  are concrete blocks , which fal l  i nto the masonry category, and art ificial 
plaster systems which may contain  cement but have as their primary binder a 
polymeric res in  that fal ls into the plastic category. 
C oncrete is a m ixture of cement, water, and an i nert graded aggregate .  When it is  
fi rst m ixed , it is i n  a paste or flu id l i ke state, and after a short period of t ime it 
hardens i nto a rigid mass. There a re many admixtures which can change or boost 
the property of the concrete during or in its final form . These fal ls into four  
com monly used forms :  accelerators and reducers vary the t ime requ i red for the 
concrete to  cure ;  reducers a lso increase its workabi l ity without reducing its 
strength ; polymers and air entra inments improve the strength and d u rabi l ity of the 
concrete. 
Concrete is  classified by the type of placement (cast-in place or pre-cast) and the 
type of reinforcement (convent ional ,  prestressed or fiber) . Cast- in-place concrete 
can be used as exterior cladd ing ,  but the majority of cladding is architectural 
precast concrete. A wide range of esthetic expression is avai lable by varying the 
s hape of the m old a long with the color and texture of the exposed surface. The 
design of the precast wal l  panel i nvolves more than j ust the selection of the 
exterior  appearance. I n-service handl ing and erection loads m ust be analyzed , 
properties of the concrete m ixtu re and rei nforcement must be determined , and 
connect ions to the bu i ld i ng and means for handl ing and erecting the panel must be 
design ed and deta i led . The responsib i l ity for these design aspects is  usual ly 
d iv ided among the architect, structural engineer and precaster. The architect and 
the eng ineer a re usual ly responsible for the in-serv ice loads, whi le the precaster is 
responsible for hand l ing and e rection. Cooperation in  the design of connections 
and exterior appearance is a necessity. The architect wi l l  usual ly specify the 
genera l exterior appearance, wh i le the deta i ls  for achieving the appearance a re 
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left to the precaster who is experienced in  working with add itives for color or 
texture and in developing shapes, corners and joints to avoid problems during 
casting or erection. 
Because one of the consequences for tensi l  stresses in  concrete is cracking , 
which can lead to a decrease in  du rabi l ity, one relatively new development is fiber­
reinforced concrete. 
FRC is a combination of Port land cement (with or without agreement of various 
sizes) and discrete fibers, i nc luding steels,  g lass, organic polymers , ceramics ,  and 
other organ ic materia ls .  Steel fibers may be smooth or deformed to improve the 
bond .  They can rust at the surface of  the concrete, b ut appear to  be very durable 
with i n  the concrete mass. Glass fibers are general ly avai lable as "chopped strand" 
where each strand may consist of 1 00 to 400 separate fi laments. A new fiber, 
Kevlar ,  which is an aromatic polyamide has both a high tensi le strength a nd a high 
m odu lus of elasticity. I t  shows s ignificant promise as reinforcement b ut is  currently 
very expensive. 
There a re a number of ways of i ntroducing fibers i nto a concrete mix .  For short 
fibers (usual ly steel or g lass) , which are supposed to ach ieve a random 
orientat ion , standard concrete mixers may be used . 
For fibers, a "spray-up" method is  often used to produce thin sheets. That is ,  
us ing a specia l  pump and spray gun ,  the fibers are chopped and combined with 
cement s l u rry and then sprayed onto a mold . This method can also be used with 
carbon and other organic fibers , and can introduce about 1 0% by volume of fiber. 
For obta i n i ng a more efficient fiber orientat ion, the winding process may be used 
with contin uous fibers or fi laments. The fibers are passed through cement s lurry, 
and then wound on a frame. Add itional s lu rry and chopped fiber may than be 
sprayed on to achieve the desi red th ickness . With th is method , up to 1 5% volume 
of fibers can be achieved . 
I t  is  i mportant to note that the m ix proportions for F RC are not the same as those 
for ord inary concrete. H igher cement contents are general ly used for FRC to 
p rovide enough paste to coat the fibers, and pozzolans are a useful way of 
i ncreasi ng the past content without increasing the cement. H igher a i r  contents a re 
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needed because of the paste content, but the percentage of air  i n  the paste does 
not need to be higher. The maximum aggregate size is generally 1 0  mm (0.4 in) ,  
a nd a fai rly h igh ratio of fine coarse aggregate is used . 
D u rabi l ity is  as important as strength i n  deciding the suitabi l ity of concrete for any 
specific use.  Durable concrete should be dense and impermeable. The porosity 
of F RC ,  however, appears to be higher than that of plain concrete because of 
d ifficu lt ies i n  fu l ly compacting the mix.  Because FRC is a fai rly recent 
development ,  few long-term durabi l ity data are available. 
I f  steel FRC is made with an appropriate past content and water-cement ratio for 
the exposu re condit ion in  q uestion ,  the alkal ine environment i n  an uncracked state 
p rovide adequ ate protection for the fibers. Once the concrete cracks , however, 
particularly  i n  a marine or acid environment, the rate of corrosion and carbonation 
wi l l  i ncrease s ignificantly and surface rusting wil l  occur. While this is only a 
cosmetic effect, the extent of the corrosion depends on the quantity of avai lable 
m oistu re .  
2.4.2 Maso n ry Materials 
The design of m asonry cladding for a l l  modern bui ldings requ i res careful and 
special  consideration .  Early bu i ld ings were bui l t  with massive load-bearing wal ls .  
These wal ls were usual ly made of m asonry or stone and reacted very d ifferently 
that the th in  veneer walls typica l ly used for cladd ing bui ld ings today. 
Some of the m ost widespread problems with the masonry veneers for cladding on 
ta l l  bu i ld ings are as fol lows: 
1 .  Lack of provision for the volumetric change which wi l l  occur i n  the m asonry 
u nit ,  
beak-up support system, and primary structural system .  
2 .  Lack of proper deta i l ing of the means to prevent water from i nfi ltration into 
the b ui ld ing through the cladding.  
3 .  Lack of proper understand ing and fai l u re to analyze the relative stiffness of . 
the exterior m asonry and the back-up support system .  
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S i mi la r  to brick, concrete blocks are manufactured in  a variety of textures, shapes, 
and fin ishes. Technica l  information is avai lable throug h the National Concrete 
Association (NCMA) which publ ishes a series of techn ical notes entitled NCMA­
TEK. Because concrete blocks are manufactured by pouring a cementation 
m ixture into molds and cur ing by a i r  d rying or steam and pressure curing, it is not 
as impervious to moisture penetration as fired clay brick. The NCMA recommends 
that a waterproof coating be appl ied to concrete u nit m asonry wal ls in  most 
geog raphic locations. 
Concave and V-shaped mortar jOints are considered to be best. Beaded , 
weathered , fl ush ,  raked , extruded , and struck joints are less desi rable. M asonry 
faced wal ls ,  whether or not they contain  a cavity, should be constructed with weep 
holes and flash ings. Careful deta i l i ng of flashing is essential so that wal l  strength 
is not compromised . 
B rick expands based on its moisture content, and this i s  not reversible du ri ng 
drying , where in it ial d rying shrinkage occurs with concrete u nit masonry .  This 
i n it ia l  d rying shrinkage is g reater than the normal expansion and contraction due to 
fluctuations in moisture content from atmospheric cond itions.  
Glass b lock was developed in 1 929 and fi rst manufactured i n  1 993. Having been 
very popu lar  in the Art Deco period of the 1 930s , it has reappeared in recent years 
as an  exterior wall fi n ish .  I t  can be manufactu red i n  a wide variety of styles: 
hol lows or sol id , clear or opaque,  and geometric or free-form patterns. Hol low 
blocks a re manufactured with two pressed-glass shapes fused together i nto a 
s i ng le  u nit at elevated temperatures , after which the a i r  i n  the hol low space is 
dehyd rated and part ia l ly evacuated . Both hol low and sol id b locks are m ade of 
glass with a general chemical composit ion to that of sheet glass materia ls .  
The u se of g lass block as an  exterior wal l material is l im ited based on length, 
height, and square foot area, depend i ng on the edge restrai n  of the panel . 
2.4.3 Stone Materia ls 
Simi la r  to m asonry, natura l  stone exterior fin ishes are on today's modern 
bu i ld ings ,  especial ly when a monumental design expression is  desired. With rising 
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construction costs, stone veneers have tended to decrease gradual ly in  thickness 
to reduce the dead load imposed on the skeleton fame and the cost of 
construction .  The use of thin stone veneers, less than 50 mm thick, is relatively 
new. Therefore , the behavior of many u ltra thin stone veneers over a prolonged 
period of t ime has not been determined by actual use; b ut a l ready, dramatic 
p roblems of stone fai l u re as a result  of thin veneer have occu rred . Recent 
i nvestigat ions of problems with th in stone veneer cladd ing show that i mproper and 
i ncomplete ana lyses of stress concentrations, connections, and joints as they 
relate to the physical properties of the stone have been responsible for distress 
and fai l u re .  
Stone varieties most commonly used for cladd ing bu i ld i ngs a re g ranite, l imestone, 
m a rb le ,  sandstone, s late, and travertine. Because these materials are natura l  and 
n ot m a nufactured under rigid q ua l ity control standards,  the physical property of 
any one variety wi l l  vary not only from quarry to quarry, but from d ifferent areas or 
levels in the same q uarry. The fin ish of the stone can a lso influence the physical 
p ropert ies of the stone. A pol ished or honed finish maintains the strength of the 
stone,  whi le thermal fin ishing or bush hammering produces micro cracks in its 
surface , thus reducing the effective thickness. For these reason ,  even the best 
analyzed desig n m ust be reanalyzed after the actual stone with the specific fin ish 
has been tested to determine its physical properties. The most important physical 
property is the abi l ity of the stone to withstand the stresses i nduced by the 
transmission of the dead , wind a nd seismic loads to the anchors or connectors . 
Another property which m ust be considered is  permeabi l ity and the ab i l ity of the 
stones to withstand chemical attack from acid rain ,  pol lut ion, and the l i ke. 
The safety factors for the design of stone cladding m ust be higher than for other 
common bu i ld i ng m ateria ls .  These safety factors are recommended by trade 
associations and suppl iers and can range from 3 for granite to 5 for marble subject 
to concentrated loads. 
The designers m ust be aware that a certa in  amount of water wi l l  penetrate through 
the veneer u nder wind d riven rai n  condit ions so that condensation could develop 
on the back s ide of the veneer, and that consequently a second l ime of defense in  
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the form of flashings and weep holes should be provided i n  th in stone veneers to 
col lect the water and divert it to the exterior of the bu i ld ing .  
2 .4.4 Meta l  Materials 
One of the earl iest recorded uses of metal cladding was i n  the 1 860s i n  New York 
C ity, when James Bogardus bolted cast-i ron panels to cast-iron structures on five 
or s ix-story bu i ld ings.  Metal cladd ing used today fal ls i nto three basic categories: 
plate, laminated sheet, and sandwich panels, and uti l izes either steel or a luminum 
as the exterior materia ls .  
P late types can be as thin as 26-gauge steel or 0 .81 3-mm a luminum which a re 
used i n  combination with d ifferent types and styles of back framing and g i rts to 
create a bu i lt-up panel in the field ,  or  as thick as 6.4mm to be used as 
i ndependently attached panels. Typical m aterials used for the core in laminated 
sheet panels are plywood , hard board ,  partial board , gypsum board , cement board , 
and thermoplastic. Sandwich panels are manufactured by facing both sides of a 
r igid i nsu lation or nonsolid core s uch as paper or metal honeycomb with metal 
sheets. 
Sandwich panels are manufactured with foamed-in-place insulation and by hot 
pressu re laminating . The R value of i nsu lated sandwich panels vary with the type 
and  th ickness of the i nsulat ion. 
M ost m etal cladding is instal led as a curtai n  wal l ,  e ither in an  exposed grid frame 
or back -fastened to an interior g i rt frame system.  Some manufactures design ,  
s upply,  a n d  erect the grid a n d  g irt  frame system, whi le others only manufacture 
the m etal  cladding in sheet or panel form to be instal led on frame designed , 
suppl ied , and i nstalled by others . 
When the panels are set in  an  exposed g rid , the edges set i n  the frame are sealed 
to the frame and the frames are fin ished i n  a s imi lar  way as the panel . When the 
panels a re insta l led on i nterior g i rt framing ,  the jo ints between the panels may be 
b utted , lapped, interl ocked , spli ned.l or covered with a batten.  Each one of 
these types of joints has an i ndiv idual  configuration and requ i res a different 
sealant or gasket design to perform properly as a watertight exterior cladd ing.  
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With the exception of stain less and weathering steels such as Corten from U .S .  
Steel , wh ich need no  exterior fin ish for areas exposed to  view, metal cladd ing are 
pai nted or a nod ized . Coatings are recommended for concealed areas when 
weathering steels are used . 
2 .4.5 P lastic Materia ls 
Plastic is  a classification to which no strictly scientific defi n it ion can be appl ied . I t  
is  a p roduct of synthetic orig in ,  which is capable of being shaped by flow in  some 
stage of m a nufacture, and which is not rubber, leather, or metal . P lastics were 
fi rst thought to be synthetic bui ld ing materials that would answer a l l  the d ifficu lties 
encountered in existing materia ls .  This belief resulted in great d is i l lu sionment as 
the early plastic had not been tested correctly. 
P lastic u sed for exterior cladd ing today fal l  i nto the general categories of sheet 
p lastics and polymer modifiers. Sheet plast ics are used as a lternate material  for 
g lass and metal s id ing .  As replacement for glass, plastic can be clear 
polycarbonate or pattered and textured to create dramatic esthetic expressions. 
Each m a nufactures can provide the designer with data on strength, impact 
resistance, weather abi l ity , fi re ,  and other properties, which m ust be considered 
when selecti ng a material for a specific use. As a replacement for metal sid ing ,  
plastic s heets can be manufactured in  flat o r  corrugated shapes and i n  a wide 
variety of colors. Because of its abi l ity to reproduce ornate designs for columns,  
rel ief panels ,  and ornamentation at a lower cost than the carved stone which was 
u sed i n  the past, p lastic will continue to show potential for the future .  
The la rgest u se of polymer mod ifiers i n  exterior cladding today is  i n  the production 
of exterior i nsu lation fin ish systems (E I FS) .  Most E IFS systems consist of a 
polymer or  polymer-mod ified cement appl ied over rig id foam-board insulation 
which is attached to the bui ld ing.  Most of the early systems used in the U nited 
States i n  the 1 970s were of European orig in .  The best known one is from Oryvit 
Syste m ,  I nc.  I t  was developed in Germany in 1 947 and introduced in the United 
States i n  1 969.  E I FS systems are receiving wide acceptance for new bu i ld ings and 
retrofi tt i ng  because of relativity low cost, attractive appearance, and thermal 
i nsu lat ion on the outside of the bu i ld ing , e l iminating a thermal impact to the 
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structura l  system. Most manufactures have developed reinforcing meshes and 
hard-coat systems which help in hardening the exterior surface and i ncreasing the 
i mpact resistance. (Wang et al , 1 992) 
2.4.6 Glass Materials 
With the arrival of the structural frames came the desire for bui ld ings that were 
l ight and a i ry i n  appearance through the use of transport g lass wal ls .  An early 
i l l ustration of th is type of design was John Paxton's Crystal Palace bui lt  in 1 85 1  for 
London's Exposition. Wi l l is  Polk's Hal l id ie Bui ld ing ,  bui lt in San Francisco in 1 91 7, 
is  considered by many to be the fi rst g lass curta in-wal l  fa<;ade. 
As used today for the exterior claddi ng on tall bu i ld ings ,  g lass is  usually i nstal led in  
a curtain-wal l  type frame, or i n  window frames in  other types of  exterior cladding 
systems and materials. The designer must not only determine the type of g lass, 
but also the framing ,  seals ,  and g askets , which must be properly selected and 
specified . Because windows and most g lass curtain-wal l  systems are 
manufactured items, the manufacturers and designers wi l l  take the responsibi l ity 
for these items when the bu i ld ing designer specifies the criteria for structura l ,  
water penetration, a i r  leakage,  therma l ,  l ight ,  and sound-transmission 
performance, fire res istance, and provision for thermal  movements . The 
Arch itectura l  Aluminum Manufactures' Association (AAMA) publ ishes the Guide 
Specificat ions Manual  (AA MA, 1 987) ,  which can be used by the bui lding designers 
to develop the curtain-wal l  specification .  I t  a lso sponsors the "Voluntary 
Specifications for Aluminum Prime Windows" (AAMA, 1 987), which can be used a 
g uide for preparing specifications for a luminum frame windows. 
The designer has many options in g lass selection and glazing design to meet 
funct iona l ,  safety, and esthetic requ i rements for a part icular bui ld ing.  The choice 
for a part icu lar  faced design should be based on several considerations, i ncluding 
type and th ickness of the glass to meet wind-load requ i rements, hazard potentia l  
from g lass breakage, breakage potent ial result ing from differential heat gain or  
loss , therma l  i nsulation requ i rements , solar ga in  (greenhouse effect) ,  fi re safety, 
appearance, and cost. 
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Glass used for exterior cladding is manufactured with a variety of additives and 
combinations of layers which develop different characteristics of strength , 
appearance, and thermal and visual performance. Strength ,  insu lating , heat­
a bsorb ing ,  and g lare-reducing properties can also be changed by varying the 
chemical makeup or by combining sheets of g lass and add ing different fi lms or 
coatings .  The designer m ust specify the performance characteristics of the g lass 
careful ly.  
Glass Basic Principles 
Visible light tra nsmittance 
the percentage of visible l ight transmitted through the glass. The h igher the 
n um ber, the g reater the amount of l ig ht that passes though the glass. I t  does not 
determi ne the color of the glass.  
S HCG (solar heat gain coefficient) 
Combinat ion of the d i rectly transmitted solar  and rad iant energy and the proportion 
of the a bsorbed solar energy that enters into the bu i ld ings interior. The lower the 
n umber the better solar contro l .  
U Factor (U Va l ue) 
This is the measurement of a i r-to-air thermal conductance, or  insu lation between 
i ndoors and outdoors, through the g lass.  The lower the n umber the better the 
insu lat ion or  thermal contro l .  U-Factor (Btu/hr.sq ft. F) - Measure of the heat ga in  
o r  loss through g lazing d ue to environmental differences between the outdoor and 
i ndoor a i r. Eu ropean U-Factor (W/sq m . K) . 
Selecting the right glass 
G l ass p lays a unique and important role in building design and the 
environment. It affects design, appearance, thermal performance and 
occupant comfort. The selection of the right glass is a crucial component of 




3. 1 I n trod uction 
This chapter cover different types of fa9ade l ike solid facades with conventional 
openings,  strip-window facades, curtain wal l ,  and double skin facades. attention is 
g iven to the use of Double Skin Fa9ade (DSF) systems,  since these a l lows natural 
venti lat ion , provide a degree of sound insulation , provide reduction in  energy 
consumption , and i ncrease occupants comfort.(Haggag ,2006) 
3.2 F a�ade Types 
Determin ing the architectural form of the windows and fa9ade wil l  have an effect on 
the construction down to the very detai ls. I n  this section ,  d ifferent fa9ade types wi l l  be 
discussed as the basis for the fa9ade design .  
3.2.1  Solid Fa�ades with Conventional Openings 
Looking back over the history of bui ldings, the traditional forms of fa9ade and window 
construction may be seen as a closed external wa ll punctured by rectangular 
openings.  Depending on local weather conditions, larger or smaller openings were 
formed to provide protection against strong insulation and long periods of heat. 
I ndividual openings were created in the structure to protect the i nternal spaces 
against long periods of cold weather. Windows, usually wood , were inserted in these 
opening and sealed around the edges 
I n  classica l  forms of construction ,  the carcass structure in southern countries was 
bui l t  of locally avai lable materials - often stone. In northern reg ions, the structure 
was usual ly made of timber or masonry and in  the Alps ,  it was main ly made of t imber. 
I n  trad it ional forms of architecture, the non-transparent areas of the outer skin were 
clad either with materials local ly available in a part icular region or with other 
weatherproof materials or they were rendered With sol id forms of construction - in 
brickwork or stone, for example - it was often not necessary to clad the structure. I n  
modern architecture,  the conventional fa9ade with d iscrete punched openings has 
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undoubtedly lost ground, but it retains its significant both from an anesthetic and 
formal point of view and because of the good energy balance it provides. 
The non transparent area of the fa<;:ade wil l be thermal ly insu lated and then rendered, 
or f in ished with modern cladd ing systems. The cladding, with a ventilated cavity to 
the rear ,  is fixed to the carcass structure by means of a weather-resistant supporting 
construction . Adequate venti lation - such as an air  layer of sufficient depth between 
the thermal insulation and the rear  face of cladding - ensure the removal of al l  
moisture that may penetrate the outer skin as a result of weather conditions. In the 
detai led plan ning ,  structural to lerances wi l l  have to be taken into account in  
determin ing the depth of the air  cavity. Practical experience shows that the 
admissible tolerance specified in  the relevant standards are often exceeded. No air 
cavity should be planned with a depth of less than 30 mm. Therefore, proper 
venti lation is the only means of ensuring any moisture that penetrates the 
construction is removed without causing damage. 
Today, the range of materials avai lable for cladding purposes far exceeds those 
traditional ly used . Trad itional types of cladding that are sti l l  in  use (or are being 
appl ied again) i n  modern arch itecture i nclude the fol lowing: 
• Rendering 
• Wood - especia l ly boarding or sh ing les 
• Stone 
• Ceramic ti les 
A b rief but representative selection from the wide range of modern materials used for 
cladding includes the fol lowing :  
• Composite systems with thermal-insulation 
• F iber-cement slabs 
• Large-sized, th in ceramic slabs 
• Various smooth and textured metal sheets such as aluminum and 
stai n less steel 
• Printed g lass in  many different designs 
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• Reconstructed woven mesh 
• Reconstructed stone 
• Terracotta , etc. 
• The new l ightweight cladd ing materials that are avai lable especially 
su ited to rehabil itation schemes where the l imited load-bearing capacity 
of the existing structure means that it cannot support large additional 
loads. 
3.2.2 Strip-Window Fa�ades 
I n  many ways , strip-windows fa<;ades and traditional solid fa<;ades with punched 
open ings are closely related . The simi la rities between the two extend from the form 
of construction and the cladding materials to the d ivision of work according to trades. 
Instead of the individual ,  inside openings that characterized by continuous horizontal 
ribbon openings in the structure.  This form of construction articulates a bui lding with 
a floor-by-floor banding , consisting of continuous window strips a lternating with 
continuous sol id parapet wal ls and floor slabs. The vertica l  loads are usually born by 
columns set back slightly from the fa<;ade. The strip- l ike openings are fil led with 
window elements in one of a number of materials that are avai lable for this purpose. 
The jo ints between the window and the structure are then sealed . 
As one has seen with incised rectangular openings in the form of box windows in 
sol id fa<;ades, the double skin form of construction is not an entirely new invention.  
The same m ig ht be said of its use in conjunction with strip-window fa<;ades, but it was 
also very popular around the turn of the 1 9th and 20th centuries in u rban vi l las. 
The veranda g lazing was set at a certain distance from the inner fa<;ade with its 
incised openings in much the same form as in corridor fa<;ade construction today. 
The intermediate space between the two fayade layers can serve as an access 
corridor and as a veranda for various uses. With a depth of one of buffer and ensure 
that the inner  fa<;ade has an agreeable surface temperature in  winter. Small window 
flaps are used when the weather is bad. 
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The roughly 220-meter-long , four-story fayade to the admin istration bui lding was 
completed in  1 998 for DB Cargo, a German rai lways organization in Mainz, may 
serve as an example of a double-skin strip-window fayade. 
3.2.3 C urtain-Wal l  Fa�ades 
The curtain-wal l  fayade can be defined as a story height form of construction 
suspended between the floors of a bui lding. The continuous outer skin is point-fixed 
to the structure only at the front edges of the floors. The first attempts to "dissolve" the 
solid outer envelop of a bui lding goes back to the beg inning of the 20th century. 
3.2.2 Modern Double-Skin Fa�ades 
The curtain-wal l  system is the usual form of construction for double skin facades, 
especia l ly where a slender dimensioned supporting structure is specified . The 
economic advantages, the possibi l ity of a shorter assembly time, and the clear 
division between the various trades involved are some of the unquestionable benefits 
of this appl ication . 
I n  high-rise bui ld ings,  glass facades are often preferred due to their short application 
time and low maintenance. Furthermore ,  they are l ightweight, aesthetic and durable 
and act as  rain  screens. They cannot be set up with openings as the windows for 
venti lation due to wind effect. Therefore, the system increases the load of cool ing and 
venti lation systems. This brings about h igh cost in use and an increase in energy 
consumed for running mechanica l systems. To decrease all these disadvantages, 
intel l igent facade systems have been developed . These are considered as having 
m ultiple functional elements to reconcile the confl icting needs such as heating , 
cool ing ,  venti lating and l ighting.  Double skin glass facade is one of these systems 
(Cetiner & Ozkan ,  2005) and (Gonchar, 2003) . 
Double-skin facade is a special type of envelope, where a second skin , usual ly a 
transparent g lazing , is placed in front of a regular bui ld ing facade. The ai rspace in 
between is  cal led the channel and can be rather important (up to 0.8-1 .0 m) .  In 
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general ,  the channel is ventilated (natura lly or mechanically) in order to reduce 
overheating problems in summer and to contribute to saving energy in winter. For the 
latter purpose, the ventilation of the channel can be integrated with in the venti lation 
system of the indoor spaces. For example, before entering the room, fresh air can be 
preheated i n  the double-skin facade. 
Moreover, a majority of double-skin facades are equ ipped with solar protection inside 
the channel (such as venetian bl inds) in order to control the daylight and overheating 
due to solar radiation. The global behavior of double-skin facades is very complex 
because of the multiple coupled physica l  phenomena which include air movement 
and heat convection, conduction , and short- and long-wave radiation (Safer et a i ,  
2005). 
The demand to reduce the energy consumption of the HVAC system is pushing 
designers into applications of new solutions for the venti lation system. There are 
several ideas that are gaining attention due to thei r saving energy abi l ities. Among 
them are multiple skin facades , natura l  venti lation , n ight cooling , effective use of the 
ground,  solar and wind energy (Stec et a i ,  2005) . 
Windows supply fresh air  and influence the indoor temperature. However, a designer 
of the control strategy for the window of a single facade should be aware of the 
outside air qual ity, noise caused by the actuator and transmitted from the outside, 
drought, ra in and burglary problems. S ince so many considerations need to be taken 
into account, the usage of the windows may be l imited or even disqual ified . However, 
the double skin facade improves the usabil ity of the windows because it protects the 
window from sudden wind pressure changes, rain and burglary .  It a lso improves the 
noise reduction and it may have some abi l ities to fi lter a i r  by using plants (Stec et ai ,  
2004) .  
The advantage of the natural venti lation is the possibi l ity of using it during unoccupied 
periods without wasting energy. H igher venti lation rates may cool down the bu i lding 
more effectively during the n ight. Night cool ing used by the bu i ld ing brings enormous 
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red uctions in energy consumption and capacity of the HVAC system (van Passen et 
a i ,  1 998) . 
3 .3 Types of Double Skin Fa�ade 
3.3.1 Box Win dows 
Box windows are probably the oldest form of a two layered fac;ade. Box windows 
consist of a frame with inward-opening casements. The signa l-glazed external skin 
contains openings that al low the ingress of fresh air and the egress of vitiated air, 
thus serving to ventilate both the intermediate space and the internal rooms. 
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F igure 3- 1 : DSF box window type (a) plan, (b) section, (c) elevation 
The cavity between the two fac;ade layers is d ivided horizontal ly along the 
constructional axes or on a room-to-room basis. Vertical ly, the divisions occur either 
between stories or between individual window elements. Cont inues d ivisions help to 
avoid the transmission of sound and smells from bay to bay and from room to room 
see figures 3- 1 a , b, and c. 
Box type windows are commonly used in situations where there are high external 
noise levels and where special requ i rements are made in  respect to the sound 
instal lation between adjoining rooms. 
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3.3.2 Corridor Fa�ades 
I n  corridor fa9ades, the intermed iate space between the two skins is closed at the 
level of each floor. Divisions are foreseen along the horizontal for acoustic, fire 
protection or ventilation reasons. I n  the contest of venti lation, this usual ly is 
necessary at the corners of bui ld ings where differences in a ir  pressure occur, and 
where opening in the inner fa9ade layer would result in uncomfortable draft from 
cross currents. This problem can general ly be avoided by closing off the corner 
spaces at the s ides . I n  the rest of the corridor there are l i kely to be only relatively 
smal l  d i fferences of air  pressure ,  and these can be used to support the natural 
venti lation . 
The a i r- l ink and extra open ings in  the external faced layer should be situated near the 
floor and the cei l ing .  They are usual ly laid out in staggered from bay to by to prevent 
vit iated a i r  extract on one floor entering the space of the floor immediately above. 
Where a corridor-facade construction is used , the individual spatial segments 
between the skins wi l l  almost a lways be adjoined by a number of rooms. Special 
care should , therefore ,  be taken to avoid sound transmission from room to room see 
figure 3- 2 .  
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F ig ure 3-2 : DSF corridor fac;ade type (a) plan, (b) elevation, (c) section 
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3.3.3 Multistory Fa�ades 
I n  mu ltistory facades, the intermediate space between the inner and outer layers is 
adjoined vertica l ly and horizontal ly by a number of rooms. I n  external cases, the 
space may extended around the entire bui ld ing without any intermediate d ivisions ass 
shows i n  figure 3-3. The vital ization (air-i ntake and extract) of the i ntermediate space 
occurs via large opening near the ground floor and the roof. During the heating 
period , the fa�ade space can be closed at the top and bottom to exploit the 
conservatory and optimize solar-energy gains. 
,_ I I ... ·, .... ! 
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Figure 3-3: DSF multistory fa�ade type (a) plan,  (b) elevation , (c) section 
M ultistory fa�ades are especial ly su itable where external noise levels are very high 
s ince this type of construction does not necessarily requ i re openings distributed over 
its height .  As a rule, the rooms behind multistory facades have to be med ical ly 
venti lated , and the fa�ade can be used as a joint a ir  duct for this purposes as shows 
in  figure 3-3. As with corridor facades, attention should be paid to the problem of 
sound tra nsmission with in  the intermediate space. 
Accord ing to the detai ls known in the advanced fa�ade chapter, the main aspects 
i nfluencing the use of a specific fa�ade type can be summarized as fol lows: 
• Box windows are suited for solid fa�ades with punched opening and 
where grated importance is attached to privacy between rooms. 
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• Because of the smaller s ize of the external openings, shaft-box fa9ades 
are suited where particularly high levels of sound insu lation are 
required . 
• Corridor facades are especial ly effective with regard to venti lation. On 
the other hand , they l imit the sound insulation between rooms. 
• M ultistory facades are most commonly used where, for other reasons, it 
is not possible to do without a mechanical form of venti lation or where a 
g lazed fa9ade without openings is requ i red . 
3 .4. Classification 
Classification is general ly based on geometrical parameters and channel ventilation 
strategy. Geometrical parameters include height and width of the fa9ade, width of the 
channel , type and position of the solar protection and so on. Channel ventilation 
strategy includes the type of ventilation (natura l ,  mechanica l  or hybrid) and the 
description of the air path (outside-channel-outside, outside-channel- inside and so 
forth) (Safer et a i ,  2005) . 
Main Advantages and Disadvantages of Double-S kin Fac;ades 
Advantages 
Nowadays, double-skin facade is appl ied for many office bui ldings special ly Europe 
countries. The double-skin is a system involving the addition of a second glazed 
envelope which can create opportunities for maximizing daylight and improving 
energy performance (Widd ington & Harris, 2002) Double skin facade is preferred 
because of some advantages such as sound insulation , fi re protection, aesthetic view 
and energy performance. Double skin facade's can be grouped according to facade's 
construction and inter-space ventilation type (Yi lmaz & <;etinta�, 2005).Double-skin 
facade has a great effect on a bu i ld ing's heat gain .. Different glass types, d ifferent 
transparency ratio and component's d ifferent thermal properties wil l  g ive d ifferent 
resu lts (Yilmaz & <;etinta� ,  2005) .  
Double-skin facades are taking on a greater importance in actual bui lding practice 
(Oesterle, et a i ,  2001 ). Most of them are applied in new bui ld ings and very few of 
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them are used in  restored bui ld ings as shows in figure 4-4. However, in rehabi l itation 
works on precious and architectural ly significant bu i ld ings such as some old 
dismissed factories of industrial archaeology in which existing facades cannot be 
total ly renewed , a second glazed skin can be an elegant and valuable solution . 
Nowadays, there is an open d iscussion concerning how to improve energy 
performance in restored old d ismissed bui ld ings of industrial archaeology and which 
could be the best choices for their sustainable re-use (Bal lest in i  et a i ,  2005) 
Case Study 
The bui ld ing is a midd le-size d ismissed si lk factory placed in  Cavaso del Tomba , I taly, 
about 60 km north from Venice, erected in 1 897. The bu i ld ing has four stories and the 
room's interna l  distribution is organized as fol lows: 
- a basement which has an archive and a store room , 
- a ground floor with offices , an info-point, a bar, 
- a fi rst floor contain ing an exposition hal l  and other offices, 
- a second floor with an aud itorium and two other smaller seminar hal ls .  
F igure 3-4 
(a)South-west front of the considered bui lding (b) Rendering of the south-west front as it 
might (Bal lestin i  et ai ,  2005) appear with the double-skin fa9ade, 
F inal ly, the cost of the fa9ade may be compensated by the smaller HVAC instal lation 
that together with low energy consumption may reinforce the appl ication of the double 
skin fa9ade as an economic solution. 
Disadvantages of Double-Skin Fac;ades 
The main d isadvantage of the double-sk in fa9ade is the overheating risk of double 
fa9ades in summer. This might seem evident, but some say that it can be m inimized 
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with wel l-dimensioned openings, a well-positioned shad ing device and an optimized 
space between the fa9ades (Gratia & De Herde, 2004) 
The other problem with the double-skin fa9ade could be seen when double-skin 
temperature is about the same as outside, a noticeable decrease of airflow in the 
double-skin may happen.  During th is time an inversion of the a i rflow d irection in the 
sunspace cavity may occur (8al lestin i  et a I . ,  2005) but this problem wi l l  happen only 
in winter season in our region that have a i rflow temperature between 20 degree 
Celsius and 26 degrees Celsius which is the comfort zone. 
F ina l ly, there is a lack of case studies concerning the use of double skin fa9ades in 
the Arabian Gulf regions because DSF technique needs very unique simulation 
program to place thls technique in real ity. 
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C h a pter 4 
Analyti cal Work 
Practica l Work 
I ntrod uction 
The following study wi l l  compare and contrast three types of b ui ld ing exteriors 
- two with windows of d ifferent glass areas (25% and 55%) without a double­
skin fayade (DSF) technique and one bui ld ing with a 55% glass area with a 
DSF techn ique .  I n  each case, the study wi l l  i nclude two window orientations -
east-west and a north-south - because bu ildings bui lt i n  Abu Dhabi Emirate 
face either east-west or north-south . However, the basic d ifferences in each 
bu i ld i ng wi l l  be in the total g lass area,  g lass propert ies and glass techn iq ues as 
well as in the bu ild ing fayade techn iq ues. The aim of the study is to determ ine 
how the d ifferent var iables in  each bu i ld ing affect the overal l  a i r-conditioning 
(Ale) load . 
I n  each case study of a fou r  story bu i ld ing , the plot area is 24m m u ltipl ied by 
1 5m (see figure 4-1 (a)) which equals to 360m2. This d imension is used 
because this plot a rea is very common in Abu Dhabi Emirate (which includes 
the cit ies of Abu Dhabi and AI Ain ) .  The orientations in  each case study were 
north-south and east-west because the common glass or window orientation in  
Abu Dhab i  Emirates has both these options (see figu re 4-1  (b)) .  
F ig u re 4-1  
P LO T  J 
...--
?41'l 
(a)  Plot area o f  common bui ldings in Abu Dhabi Emirates. 
These properties are very common in Abu Dhabi, and the orientations are north-south and 
west-east. 
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S OU T H  
C o m m ercial and Office B ui ld ings 
F ig u re 4-1  
( b )  Two dimensIonal drawIng for common glass o r  window orientation in Abu DhabI Emirates 
Figu re 4-1  
(c) Three dimensiona l  drawing for plot area in  A b u  Dhabi Emirates. 
Objectives 
This study has three main  a lms: 
1 .  To show the effect of the overa l l  heat transfer coefficient (U-va lue) and the 
Shading Coefficient (SC) in  g lass and how these values affect the a i r  cond ition ing 
load . 
2 .  To determine the m ost effective properties in  reducing the in Air cond ition ing 
load when examin ing the U-va lue or the SC.  
3 .  To determine proper regu lat ions or laws for the u se of g lass in  the construct ion 
of bu i ld ings such as the Dubai  Emirates bu i ld ing (Appendix 2) .  
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Common Parameters 
Parameters in  the practica l part are common and different or variable. Common 
parameters are fixed to eva luate the effect of the other parameter wh ich is 
d ifferent parameters; d ifferent parameters are glass properties, percentage of the 
g lass that covers the bui ld ing elevation and orientation of the g lass opening. 
1 .  Genera l  Parameters 
a .  The program u sed in the study is very common and powerful . I n  addition , it 
is u sed a l l  a round the world to calcu late the Air Cond itioning load . The program 
is ca l led Hourly Analysis Program ,  version 4 .20, a copyright © carrier 
corporation , 1 999-2004 . 
b .  Abu Dhabi  Emirate weather data taken from the 200 1 ASH RAE Handbook. 
c. P lot a rea :  24m X 1 5m = 360 m2. 
d .  Cei l i ng height: 3 .5 m.  
e .  B u i ld ing weight considered to be medium about 34 1 .8 kg per m2. 
f. Space u sage is for office bu i ld ing space. 
2. Interna l  Parameters 
a .  F ixture type is recessed vented . 
The load is calculated based on this equation : the watt per square meter 
(w/m2) m u lt ip ly by a rea in square meter multiply by ballast factor that equal  
to 1 .08 beca use bal last a lso prod uce heat, the (w/m2) is considered to be 
2 0  w/m2 beca use these amount is su itable for office work. 
L ight load (w) = a rea (m2) x (w/m2) x bal last factor ( 1 .08) 
= 360 x 4 (m2) x20 (w/m2) x 1 .08 
= 3 1 1 04 (w) 
b.  Occupancy is 50 people per flour;  the activity level is office work with 7 1 . 8  
watt per person i n  sensible and 60. 1 watt per person i n  latent. 
Sensib le Heat is defined as the heat energy stored in a substance as a result  
of an i ncrease in  i ts temperature. Latent Heat is defined as the heat wh ich 
flows to or  from a m aterial without a change in temperature. The heat wil l  on ly 
change the structure or phase of the materia l .  
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The load is calcu lated as fol lows : numbers of the people mu ltiply by sensible and 
latent heat, the people sensible and latent heat depend on room dry bulb 
temperature and degree of the activity of office worker, these values fou nd in  
Table N0#48 (append ix 5) 
People load = 200 people x 7 1 .8  latent heat (w) 
= 1 4360 (w) 
= 200 people x 60.08 sensible heat (w) 
= 1 20 1 6  (w) 
3. Wal l  and  Window Parameters 
a .  Wal l  properties - layers of the wal l  from inside to outside (see figu re 4-2 ) :  
1 .  Plaster with R-value ( resistance to  heat transfer) equal  to 0 .01 761 meter 
m2 K 
squared Kelvin per watt ( � ). 
m2 .K 
2 .  Hol low block with R-value equal  to 0 . 1 7329 ( w ) .  
3 .  PUT insulation material with R-value equal to 1 .6265 ( 
m2 .K 
4 .  Metal surface with R-value equa l  to 0 .00070 ( w ) . 
1 
The total U-value for the wal l  is  equa l  
R 
, R=L r 1 + r2+r3 . . . . . .  =0 .501  (wI 
m2. K) .  
IlISulat ... 
Maeral 1----------1 ...  011 SWiace 
F igu re 4-2 : Two d imensional d rawing of wal l  section .  
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4.  Infi ltration 
No i nfiltration is considered . 
5.  Roof a n d  S kylight 
No skyl ight is considered , but the roof layers from inside to outside (see 
figu re 4-3) as follows : 
m2 .K 
1 .  P laster with R-value equal  to 0.0 1 76 1  ( 
W 
) .  
m2 .K 
2 .  Reinforced concrete with R-va lue equal  to 0 . 1 6378 ( ) . W 
3 .  Asphalt Rol l  Roofing with R-va lue equal to 0 .01 268 ( 
m2 .K 
) .  
W 
4 .  Rig id poly foam with R-va lue equal  to 2 .2 1 001 ( 
m�K 
) .  
m2 .K 
5 .  Terrazzo ti les with R-va lue equal  to 0 .00845 ( 
W 
) . 
6-Electrica l  equipment 
Table 4- 1 
Medi u m  load density 
Num bers Each watt Tota l watt diversity 
Computers 8 65 520 0 .75 
Monitors 8 70 560 0 .75 
Laser 1 2 1 5 2 1 5  0 . 5  
printers 
Fax m a c h i ne 1 1 5  1 5  0 .75 
tota l 
Cool ing  Load Estimates for Various Office Load Densities, 2005 ASHRAE 
Handbook. 
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Figure 4-3 : Two d imensional d rawing of seal ing section .  
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Different parameters 
a .  I n  the north-south orientation ,  there are three sub-cases: 
• 1 -24% glass area,  the total elevations area equal  to 1 092 square 
meters and the glass area equal  to 264 square meters 
(264/1 092=0.24) as shown in figure 4-4 . 
F igure 4-4 
• 2-55% glass area (598/1 092=0 .55) as shown in figu re 4-5 . 
F igure 4-5 
In both sub-cases with d ifferent U-values, over a l l  heat transfer coefficient were 
u sed In the ana lysis and d ifferent Shad ing Coefficient SC as fol lows : 
U 1 -value =3.28 0Nlm2. K) . 
U 2-va lue =2. 1 0  0Nlm2.K) .  
SC 1 value = 0 .40 
50 
SC 2 va lue = 0 .35 
SC 3 va lue = 0 .30 
• 3-55% glass area (598/1 092=0.55) with Double Skin Fac;:ade system as 
shown i n  fig u re 4-6 . 
F ig u re 4-6 
In th is case U-va lue of 1 .4 (wi m2. K) .which is the U-value of the double sk in 
fac;:ade system (from intel l igent g lass bu i ld ings) and d ifferent Shad ing 
coefficients were u sed as follows : 
SC=0.40 
SC=0 . 35 
SC=0.30 
These values were u sed to show the effect of  the overal l heat transfer coefficient 
and shading coefficient i n  calculat ing the AlC load . I n  add ition , these U-values and 
S C-values a re u sed by the Dubai  mun icipa l ity (Appendix 2)  a nd this study p roves 
the positive effect of both these parameters. Consequently , these parameters a re 
needed to be appl ied as a regu lation in  Abu Dhabi Emi rate .  
b.  I n  the east-west orientation , there are three sub-cases as in  the s ub-case 
above, to show the effect of the orientation in the study. 
The over al l  heat transfer coefficients U-values and the Shading coefficient were 
taken from the admin istrative resolut ion No .66 of 2003 approving regu lat ion on the 
techn ica l specification for thermal insu lation systems (Appendix 2) these U-va lues 
that rang from 3 .28 watt per meter square Kelvin to 2 . 1  watt per square meter 
Kelv in .The first U-va lue mean over all heat transfer coefficient of a doub le pane 
clear g lass where the second value mean a double pane g lass with d ifferent types 
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of coatings to reach this value, but why double pane window instead of s ingle 
pane window and why smal l  values of SC? US ing common values of 3 mm for the 
th ickness and 0 .92 W/m . 'C for the thermal conductivity of the g lass and the 
winter design values of 8 .29 and 34 .0  W/m2 ·C for the inner and outer su rface 
heat transfer coefficients, the thermal resistance of the g lass is determ ined to be 
R I 1 0.003m 1 tota = + + -----
8 .29W / m2 °C O.92W / m °C 34 .0W / m2 °C 
= 0. 1 2 1  + 0 .003 + 0.029 = 0. 1 5 3 m2• ·C/W 
Note that the ratio of the g lass res istance to the total resistance is 
Rglass 0.o03m2 • °C / W 
-- =  = 2.0% Rtotal 0. 1 53m2 • °C / W 
Heat transfer  of a s ingle pane window wou ld not be much d ifferent if we used 
acryl ic,  with a thermal  conductivity of 0 . 1 9  W/m ··C , instead of g lass.  Therefore, 
s imply increasing the th ickness of the glass would not effectively red uce the heat 
transfer through the window. However, heat transfer can be decreased by 
trapping st i l l  a i r  between two layers of g lass . The resu lt is a double-pane window, 
wh ich has become the norm in  window construction in many parts of the world .  
Because the therma l  cond uctivity of a i r  at room temperature is kair = 0 .025 W/m . 
'C ,  which is one-th i rtieth that of glass,  the thermal resistance of 1 -cm-th ick st i l l  a i r  
is equ ivalent to the thermal resistance of a 30-cm-th ick g lass layer .  When 
d isrega rd ing the thermal resistances of glass layers , the thermal resistance and U­
factor of a double-pane window can be expressed as follows : 
1 1 1 
------- :: - + -- + -
Udouble pane( cenler region ) h i h space h. 
Where hspace .. hrad. space + hconv, space is the combined radiation and convection heat 
transfer coefficient of the space trapped between the two g lass layers (convection , 
if there is any a i r  motion) .  
. 
... I r.: 
F ig u re 4-7 : The thermal resistance network for heat transfer through the center 
sect ion of a double-pane window (when neg lect ing the res istance of the g lasses) , 
(�engal ,  1 998) . 
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There a re two ways to min imize hspace and thus the rate of heat transfer through 
a double-pane window: 
1 .  Min imize radiation heat transfer through the air space by reducing the emissivity 
of glass s u rfaces by coating them with tow-emissivity (or "Iow-e") materia l .  Reca ll 
that the effective emissivity of two para l le l  p lates of emissivities £ 1  and £2 is g iven 
by 
g = -----
effective 1 / f- I + 1 / f- 2 
The emissivity of an ordinary glass surface is 0 .84 .  Therefore,  the effective 
emissiv i ty of two para llel g lass su rfaces facing each other is 0 .72 .  N ote in Figu re 
4-8, the coat ing one of the interior surfaces of a double-pane window with a 
materia l  having an  emissivity of 0 . 1 decreases the rate of heat transfer through the 
center section of the window by half . 
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Figure 4-8. The variation of the U-factor for the center section of double- and trip le­
pane windows with un iform spacing between the panes (A SHRAE Handbook of 
Fund amenta ls ,  Chap. 27, Fig. 1 .) 
2 .  Min imize cond uction heat transfer th rough a i r  space by increasing the d istance 
between the two g lasses . However, th is cannot be done indefin itely s ince 
increas ing the spacing beyond a crit ica l va lue in it iates convection currents in the 
enclosed a i r  space, wh ich increases the heat transfer coefficient and thus defeats 
the p u rpose. F urthermore, increasing the spacing also increases the th ickness of 
the necessary framing and the cost of the window. 
Experi mental stud ies have shown that when the spacing d is less than a bout 1 3  
mm,  there IS no convection , and heat transfer through the a i r  is by condu ction . 
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However,  as  the spacing is increased fu rther, convection currents occur in  the a i r  
space ,  and the increase in  heat transfer coefficient negates any benefit obta ined 
by the th icker a i r  layer .  I n  other words ,  it is pointless to use an a i r  space th icker 
than 1 3  mm in a doub le-pane window. 
The therm al  resistance of the window can be fu rther improved by using tr iple- or 
quadruple-pane windows whenever it is econom ical to do so. Consequently, us ing 
a tr iple-pane window instead of a double-pane red uces the rate of heat transfer  
through  the center section of the window by about one-th i rd .  An  add itional method 
of red uc ing conduction heat transfer through a double-pane window is to use a 
less-conduct ing flu id  such as argon or krypton to fi l l  the gap between the glasses 
instead of a i r .  The gap in th is case needs to be well sealed to prevent the gas from 
leak ing out  (<;engal ,  1 998) . 
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SOLAR HEAT GAIN THROUGH WIN DOWS 
Part of solar rad iation that reaches the earth's su rface without being scattered or 
absorbed is the d i rect rad iation .  Solar radiation that is scattered or re-emitted by 
the constituents of the atmosphere is the d iffuse radiation .  Direct rad iation comes 
d i rectly from the sun  fol lowing a stra ight path , whereas d iffuse rad iation comes 
from all d i rections in the sky. The entire rad iation reach ing the g round on a n  
overcast day i s  d iffu se rad iation .  The rad iation  reach ing a surface , in  general , 
consists of three components: d i rect radiation ,  d iffuse radiation ,  and rad iation 
reflected onto the surface from surround ing surfaces (F igure 4-9 (b» . 
Common surfaces such as g rass,  trees,  rocks , and concrete reflect about 20 
percent of the rad iation wh i le absorbing the rest. Snow-covered surfaces,  
however,  reflect 70 percent of the incident rad iation.  
When solar radiation strikes a g lass su rface , part of it (about 8 percent for 
uncoated clear g lass) is reflected back to outdoors, part of it (5 to 50 percent ,  
depend ing on com posit ion and th ickness) is absorbed with in  the g lass,  and the 
remainder is transm itted indoors , as  shown in (F igure 4-9 (a» . 
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F ig u re 4-9 (b) 
Direct, d iffuse, and reflected components of  solar radiation incident on a window 
O ne of the ways of characteriz ing the solar transmission characteristics of d ifferent 
k inds of g lazing and shading devices is to compare them to a wel l  known glazing 
mater ia l  that can serve as a base case. This is done by taking the standard 3-mm­
th ick  doub le-strength clear window g lass sheet whose S HGC is 0 .87 as the 
referen ce g lazing and defin ing a shading coefficient SC as 
Solar heat gain of  product 
SC = 
Solar heat gam of reference g lazing 
SHGC SHGC 






Therefore, the shading coefficient of a sing le-pane clear g lass window is 
SC = 1 .0 .  Note that the larger the shading coefficient ,  the smal ler the shading 
effect, and thu s  the larger the amount of solar heat ga in .  A g lazing material with a 
large shad ing coefficient al lows a large fraction of solar rad iation to come in .  
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Chapter 5 
Conclusion and Recom mendations 
C o n c l u s ion 
This thesis examines the g rowing interest i n  using glazing elements and 
integrating the most advanced transparent facades into high performance sustainable 
office bui ld ing in Abu Dhabi , taking into consideration the cl imatic condition of the city. 
Different orientations, different systems of single skin fayade and Double skin facade, 
different types of glass based on over all heat transfer value (U-value) have been 
tested , using Hourly Analysis Program version 4 .20 (HAP 4.20) which is one of the 
most famous simulation programs in a i r  conditioning load analysis. 
Res u lt 
Result tables from table 25 - 32 and figures from 1 - 1 4  in appendixes 4 show many 
different data as fol lows : 
Sensible load in watt, latent load in  watt, window solar load that come from direct and 
diffuse solar radiation a lso in watt, window transmission load which come from 
conduction in solar rad iation, total thermal load that eq ual to sensible plus latent load 
in watt , tota l window load which equal to window solar load plus window transmission 
in watt, percentage of total window load to the total thermal load which equal to total 
window load over the total thermal load , these percentage d iffer based on the 
orientation ,  percentage of the g lass in the bui ld ing-value, and Shading coefficient to 
spot l ight in  how g lass area effect the thermal load in any bui ld ing. Kw is the process 
of convert ing thermal load to electrical loads follows: 
one ton equal to 3 .5 1 7 Kw so, total thermal load in kilo watt d ivided by 3 .5 1 7  after 
that convert Ton to electric ki lo watt by multiplied by 1 .7 Kw. Electrical Load KW.h  is 
mu ltiplying Kw by 3200 EFLH electrical fu l l  load hour, final ly convert KW. h to AED by 
mult iplying Kw. h  by the rate of the Abu Dhabi Emi rate which eq ual to 0 . 1 5  AED per 
Kw.h . (see table 30 as an example from appendix 4) 
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24% Glass from the total Elevations area 
in east and west orientation. 
Table 30 
1 66883 1 4783 
1 63623 1 28 1  
1 58430 1 392 1 
51  1 28 1 4  
2724 
1 3665 
% of Glaa. 
Total L.oada to 
Window the Total 
Loads 
37994 0. 209 1 4 2 1  
35530 0 20 1 376 1 
32 1 83 0. 1 867294 
32950 0 1 898424 








1 64 1 8  
TR 
5 1 653682 1 87 8 1 1 2596 280996 0307 42 1 
50. 1 6661 93 85.28325277 272906.4089 40935.961 33 
49.0051 1 8  83.3087006 266587 84 1 9  39988. 1 7629 
49 3502985 83. 89550753 268465.624 1 40269.84362 
48 31  
47 2354279 80 256960.7279 38544 . 1 09 1 8  
5 8  
Final result and recommendation 
A-Curtain wall system 
The resu lt shows (by reducing U-va lue) the thermal load value goes down,  but the 
more effective value in our  reg ion is Shading coefficient as it show in fig ures 33, 34 , 
35, 36 , 37 ,  and figure 38 from appendix 4, because the direct and d iffuse solar 
radiation in the U n ited Arab Emirates have very big rate when compare it to other 
countries as shown in appendix 1 where the window solar load shows the effect of 
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East and West orientation , 24% Glass from the total Elevations area 
In add it ion to that the least thermal load was found in north and south orientation 
bu i ld ing with 24%glass from the total elevation area Figure 1 3  in Appendix 4 ,but why 
north and south orientation have the least value because the solar heat gain thru 
glass i n  north a nd south are less than solar heat gain in  east and west orientation see 
append ices NO#5 table 1 5  and surly by red ucing the g lass area i n  the bu i ld ing the 
total thermal load wi l l  be min imized as it show in  appendix 3 and this table ca n show 
the final  result of th is appendix. 
Abu Dhabi 
2005 2006 2005 I 2006 
2005 (AE O) 
consumption 
-





9 209 201 
2006 (AEO) (AEO/m2IYr) 
consumption consumj>tion 
1 1 9 ,855 ,90 35.96 
---
2005 
2006 (AEO) (AEO/m21Yr) 
consumption consumJ?Jion 








- -- -- --
(KWhr/m2/Yr) (KWhr/m2IYr) 
consumQtion consumption 
239.70 248 .24 
-
2005 I 2006 (KWhr/m2IYr) (KWhr/m2IYr) 
consumption I consumption 
1 79 .924 
-- ��- - -- -
1 77 .394 
- --
Table 4-2 show reducing the glass area wi l l  reduce electricity, money, and Natural 
gas consumption in  general Musafah bu i ld ing have less g lass area compared to Abu 
6 1  
I 
1 
Dhabi bu i ld ing this result gutted from 700 bui ld ings in Abu Dhabi and 300 bui ldings in 
Musafah District. 
B-Double Sk in Facade System 
The Double skin fac;ade system have the least air cond ition ing load when compare it 
with other parameters tested with 55% glass area see figure 1 4  in appendix 4 
because the U-value is very smal l  if compared with 3.28 W/m2.K , and 2 . 1  W/m2.K, 1 .4 
is 33% from 2 . 1 ,  but comparing air  condition load with 24% glass area the 24% glass 
area wil l have less air condit ioning load in addition to that U-value did not have big 
effect in air cond ition load compare it with shad ing Coefficient Va lues (see figures 
40 ,4 1 , 42 ,  43,  44 and figure 45) because the solar rad iation d i rect and d iffuse the 
SHGC found in their eq uation but the U-value only found in conduction equation 
,where SHGC equal to 1 . 1 5  multiply by SC (<;engal ,  1 998) .the DSF system deal with 
U-value which is not very important when compare it to the effect of SC because of 
that DSF system used i n  Europe Countries where Europe Countries depend on U­
va lues because U-value based main ly in temperature difference mort than gain from 









Thermal LoadTotal (w) 
I_ Thermal LoadTotal (w) 
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Figure 41  
Thermal LoadTOle1 (w ) I- Thermal Lo.dTolal (w 2J 
U-value 1 4 , SC 
value 0 40 
U-value 1 4 , SC 
value 0 35 
U-value 1 4 SC 
value 0 30 
North and South orientation, 55% Glass from the total E levations area, Double Skin 
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U--.elue 1 .4. S C  
\.elue 0.40 
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\.elue 0 35 0 30 
Figure 44 
East and West orientation,  55% Glass from the tota l Elevations area, Double Skin 
Fayade System 
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Figure 45 
East and West orientation, 24% Glass from the total Elevations area 
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C o n c l u s ion : 
1 - Red ucing the U- values and SC Values wil l reduce consumption of electricity 
and energy used . 
2- SC values are more effective in  East and West orientations 
3- invest more in  SC properties will resu lt in  invest less in  U properties which are 
more expensive . 
Recommendations : 
1 .  S kyl ight U-factors are considerably greater than those of vertical windows . This 
is because the skyl ight area , can be 1 3  to 240 percent greater than the rough 
open ing area. The slope of the skyl ight also has some effect so, the skyl ight U­
values and Shading Coefficient must be added to the Dubai mun icipal ity 
regu lations and also apply it in Abu Dhabi mun icipal ity. 
2. Coating the g lazing surfaces with low-e (low-emissivity) fi lms red uces the U­
factor sign ificantly. For multiple-glazed units, it is adequate to coat one of the two 
surfaces facing each other. 
3. Wood or vinyl frame windows have a considerably lower U-value than 
comparable metal-frame windows. Therefore, wood or vinyl frame windows are 
ca l led for i n  energy-efficient designs (<;engal, 1 998).So, different types of framing 
systems should be appl ied in  our region than the metal type. 
4. The study recommends to regu late the glass properties and glass percentage in 
the outer sk in ,  including skyl ights of office bui ld ings in Abu Dhabi .  
5 .  Draw g uidel ines to plan ners and decision makers to select the most suitable 
bu i ld ings orientation to i ncrease energy saving then save our environment. 
6 .  External shading devices should be h ighlighted in  office bui ldings. 
7. Fu rther stud ies should be carried out to share similar experience. 
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Appendix 1 
Description :  
Fol lowing tables cover weather data from d ifferent reg ion al l  over the world. 
-W�at�!!r pata from "Cl imate Design Data 2005 ASH RAE Handbook" 
- Monthly Statistics for Dry Bulb tem peratures °C 
! '" ' .  Jan . ' 
Average UK 4 . 4  
Average FRANCE 8.8 
Average U.A.E 1 8  
Average CANADA -5.8 
Average K.S.A 1 4  
Average EYGPT 1 4  
Average GHANA 27.4 
Average S. AFRICA 1 9. 9  




1 9.9  
-5.7 
1 6.7  
1 4 . 5  
28. 1 
1 9. 4  
-0.4 
Mar 
6 . 8  




1 6 . 6  
28.4 
1 8.6 
6 . 1 
-- -
- Monthly Statistics for Relative Humidity % 
Jan Feb Mar 
Average U K  82 84 78 
Average FRANCE 63 7 1  64 
Average U.A.E 70 65 69 
Average CANADA 79 75 75 
Average K.S.A 43 34 30 
Average EYGPT 69 6 1  62 
Average GHANA 77 78 77 
Average S. AFRICA 66 77 7 1  
Average CHINA 75 56 50 
Apr 
8. 3 
1 3. 1  
26.5 
5 7  
25 9 
2 1 . 8  
28 .6 
1 5. 7  












1 2 . 5  1 5  
1 7 . 5  20.6 
30.8 32.8 
1 2  1 7.7  
32 . 1  35.2 
24.7 28 
27.8 25.8 
1 3.6 1 0. 1  






1 5  1 2  
46 49 
78 85 
47 5 1  
50 49 
Ju l  Aug Sep Oct Nov Dec 
1 7 . 3  1 6 . 7  1 3 8 1 0 6 7.8 5 1  
23.8 23.9 20.9 1 6 2  1 1  8 9 1  
34 .4  34 .8  32.6 28.6 24 4 20. 1 
20.8 1 9.8  1 5  8 5  3.5 -2. 5 
36.2 36 4 33 276 2 1 .6 1 4 9 
28.2 27.9 26 5 23.8 1 9  1 5 3 
25. 1 24.7 25.2 26 3 27.7 27 6 
1 0  1 2. 7  1 6  1 7 2 1 7 8 1 9. 3  
23 9 23 1 8. 5  1 0 1 3 .3 -5 9 
J u l  Aug Sep Oct Nov Dec 
75 75 75 86 87 89 
73 67 80 75 75 65 
55 53 62 59 7 1  66 
7 1  7 1  75 77 83 80 
8 1 1  1 6  2 1  24 57 
59 63 59 60 64 66 
85 89 83 84 80 80 
47 49 50 59 64 67 
56 60 66 68 68 79 
!ge --z--
- Monthly Indicato rs for Precipitation/Moisture (kPa) 
�;)".�� t ·  ¥ .�=,·;t·�� : i __ � :�� " Jan Feb Mar Apr May Jun Jul  Aug Sep Oct Nov Dec 
Average U K  0 . 7  0 7  0.7 0 .8  1 . 1 1 .2 1 .4 1 . 4 1 .2 1 . 1  1 0.9 
Average F RANCE 0.8 0.9 0.9 1 .2 1 .5 1 .9 2 . 3  2 . 2  2.2 1 . 5 1 1 0 .9 
Average U.A.E 1 .3 1 .3 1 .8 1 .5 1 .8 2 . 1  2 .3  2 .4  2.4 2 . 1  2 1 5 
Average CANADA 0.4 0.4 0.5 0.7 0.9 1 .4 1 . 7 1 . 7 1 . 3 0.9 0.7 0.5 
Average K.S.A 0.6 0.6 0.6 0.6 0.6 0.6 0 .4 0.6 0.7 0.6 0.5 0.9 I 
Average EYGPT 1 . 1  0 .9  1 1 1 1 . 1  1 . 5 1 .9 2 1 8  1 .6 1 . 3  1 . 1  
Average GHANA 2 . 7  2 .9  2 . 9  2 . 9  2 .9  2 . 8  2 . 7  2 . 8  2.6 2.9 2.9 2 . 9  
Average S. AFRICA 1 .4 1 .7 1 .4 1 0 .7  0.6 0 .5 0 .7  0 .8  1 1 .2 1 .4 
Average CHINA 0.3 0.3 0 .4 0.6 1 1 .3 1 . 5 1 .5 1 .2 0 .8 0. 5 0.3 
- Monthly Statistics for Wind Speed m/s 
Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec 
Average UK 3 . 7  2 .9  4 .4  3.7 3 .4 3.3 2 .6 2 .9 3 .4  2 .9  2 3  3.2 
Average FRANCE 4.9  3.3 3.7 4 3 .4  2 .8 3 .5 3 5  3 .4  4 . 1 4 . 5  5.2 
Average U.A.E 3 3 .5  3 .9  3 .8  4 .2  4.2 3.6 3.7 3 .7  3 .5  3 3.7 , 
Average CANADA 4 . 5  5 . 3  5 . 5  4 . 8  4 3  3.8 3 .2 2 . 1  3 .3 4 .3 4 .4  5 .7  
Average K.S.A 3 3 3.6 3.6 3 3.7 4.3 3 .5 2 .5 2 .2 1 . 1  2 .8  
Average EYGPT 3 3.7 3.5 4 . 1  4 . 2  3.8 3.2 3 .2 3.2 3. 3 2.6 2.5 
Average GHANA 2 . 9  4 . 1  3 .7  4 2 .7  3 3 .7  5 4 .3  3 .9  3.4 2.3 
Average S. AFRICA 1 .7 3 2.6 3.6 1 .6 2.9 3.3 4 .4 3 .7  4 . 1  3.8 4 
Average CHINA 1 .3 1 .3 1 .9 2 . 5  2 2 1 .8 1 .4 1 .3 1 . 1  1 1 . 1  - -----
- Monthly Calculated "undisturbed" Ground Tem peratures·* °C 
- Monthly Statistics for Solar Radiation (Direct Normal ,  Diffuse, G lobal Horizonta l )  Wh/m2 
Appendix 2 
Description:  
Fol lowing pages cover administrative resolution no. (66) Of 2003 approving 
regu lation on the technical specification for thermal insulation systems and 
control of energy consumption for Air - cond itioned bui ldings in the Emirates of 
Dubai .  
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Administrative Resolution No. (66) of 2003 
Approving Regulations on the Technical Specifications for 
Thermal Insulation Systems 
and 
Control of Energy Consumption for Air-conditioned Buildings in the Emirate of 
Dubai 
The Director General of the Municipality: 
Having reviewed the powers legally vested on us under the Decree 
Establishing Dubai Municipality; 
The provisions of Article ( 1 8) of Local Order No. (3) of 1 999 Concerning 
Regulation of Building Wories in the Emirate of Dubai issued on 1 5  November 
1 999; 
Administrative Resolution No. (77) of 200 1 .Approving the Directive 
Regulations for the Technical Specifications of the Thermal Insulation 
Systems for Buildings in the Emirate of Dubai issued on 2 1  April 200 1 .  
The Recommendations of the Committee of Application of Thermal Insulation 
for Buildings in the Emirate of Dubai Fonned Pursuant to Administrative 
Resolution No. (330) of 200 1 Issued on 28 November 200 1 .  
Resolved the Following: 
Article ( 1 ): The "Regulations of Technical Specifications for Thermal Insulation 
Systems and Control of Energy Consumption for Air-conditioned 
Building in the Emirate of Dubai" attached hereto shall hereby be 
approved and shall be mandatory to apply by engineering consultant 
offices and building contracting companies as of the first day of April 
2003. 
Article (2): This Resolution shall be attached to and shall be read with Local Order 
No. (3) of 1 999 Concerning Organization of Building Works in the 
Emirate of Dubai. 
Article (3): The Building and Housing Department shall undertake control and 
follow-up of compliance by the engineering consultancy offices and 
the building contracting companies with the regulations approved by 
this Resolution. 
Article (4): This Resolution shall come into effect as of the date of issuance. 
Qassim Sultan AI Banna 
Director General of the Municipality 
Issued on the twelfth day of March 2003 
Corresponding to the ninth day of Muharram 1 424 H. 
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Regulations of Technical Specifications 
for Thermal Insulation Systems and 
Control of Energy Consumption for Air-conditioned Buildings 
in the Emirate of Dubai 
Article ( I ): These regulations shall be called "Regulations of Technical 
Specifications for Thermal Insulation Systems and Control of Energy 
Consumption for Air-conditioned Building in the Emirate of Dubai". 
Article (2): The word Emirate shall, wherever used in these Regulations, mean 
"the Emirate of Dubai", the word Municipality shall mean "Dubai 
Municipality and the term the Concerned Department shall mean the 
"Department of Buildings and Housing". 
Article (3): In the case of any dispute concerning the interpretation of any of the 
provisions hereof, the interpretation issued by the Concerned 
Department shall be final. 
Article (4): All air-conditioned buildings for which building pennit applications 
are submitted in the Emirate after the first day of April 2003 shall be 
governed by these Regulations. 
Article (5): All engineering consultancy offices and building contracting 
companies shall comply with the provisions of these Regulations on 
making drawings and engineering designs and in the construction of 
building works for air-conditioned buildings. 
Any party violating the provisions hereof shall be subject to the 
penalties stipulated by Local Order No. (3) of 1 999. 
Article (6): The Director of the Buildings and Housing Department shall issue the 
directives necessary for the implementation of the provisions of these 
Regulations. 
Cbapter One 
Elements of Design 
Section One 
Building Design and Materials Selection  
Article (7): In designing a building and selecting the materials forming its surfaces, 
the engineering principles aiming to reduce heat transmission from 
outside into the building shall be observed as follows: 
a- External Walls and Roofs: 
Heat resistant materials and thermal insulation materials locally 
available shall be used in the substances fonning the roofs and 
external walls, such that the overall transmission coefficient- U 
does not exceed the following values: 
. · o.w u .... Ai 
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� Roof: U= 0.44 W/m2.K. 0.078 Btu/h.tt2:F 
L Wall:  U= 0.57 W/m2.K. 0. 1 00 BtuIh.tt2:F 
b- Glass Openings: 
1 - If the glass area whether as openings or fixed glass without an 
insulated back wall is between ( 1 0%) to (40%) of the external 
wall area of the building. double glass or its equivalent must be 
used such that heat transmission coefficient (calculated in 
summer as per ASHRAE Specifications) does not exceed the 
following values: 
Heat Transmission Coefficient U= 3.28 W/m2.K. = (0.58 
I (U) BtuIh.tt2:F 
Shadin Coefficient SC 0.4 I 
2- If the glass area whether as openings or fixed glass without a 
back insulated wall exceeds (40%) of the external wall area of 
the building or in case of having a sky light. double glass or its 
equivalent must be used such that the heat transmission 
coefficient (calculated in summer as per ASHRAE 
Specifications) does not exceed the following values: 
. 
Heat Transmission Coefficient U= 2. 1 W/m2.K. = (0.37 
(U) BtuIh.tt2.F 
Shadin Coefficient SC 0.35 
3- If the glass is for showrooms, double glass or its equivalent 
must be used such that heat transmission coefficient (calculated 
in summer as per ASHRAE Specifications) does not exceed the 
following values: 
Heat Transmission Coefficient U= 2.5 W/m2.K. = (0.44 
(U) Btu/h.tt2.F 
Shadin Coefficient SC 0.76 
This excludes glass of showrooms consisting of one ground 
floor only. 
c- Aluminum Works: 
Aluminum sections shall be thermally insulated by use of 
thennal break in the case where the area of glass openings 
exceeds (40%) of the external wall area of the building. 
· . DubIJ Munldpality 
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Section Two 
Calculation of Heat Load 
Article (8): Heat Load for buildings shall be calculated in view of the following 
factors: 
a- Outdoor condition of the building: 
ture 
Dubai Ci location Latitude 
Extent of variation in the 
temperature on the day of 
desi Outdoor Dail Ran e 
Heat load shall be calculated for each air-conditioned space at 
the heat peak hour of such space. 
b- Indoor Condition of the Building 
1 - Residential and Governmental Buildings: 
2- Commercial Buildings: 
3- Buildings of Industrial Facilities: 
DB: 24° C 
RH: 50 ± 5% 
RH: 55 ± 5% 
Indoor temperature and humidity of this type of buildings vary 
according to the activity carried on in them. Accordingly. in 
this respect reference shall be made to schedules of standards in 
ASHRAE Fundamentals. 
c- Heat transmission coefficients through roofs, walls and glass 
set out in Article (7) hereof. 
d- Ventilation: 
Proper ventilation must be provided in the building in order to 
ensure healthy proper atmosphere. To accurately calculate the 
required ventilation ratios reference shall be made to the 
recommended ventilation table in: 
(ASHRAE Standard 62 - Recommended Values - the latest 
version or any other references accepted by Dubai 
Municipality). 
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e- Storage Load and Diversity Factors: 
On specifying the storage load and diversity factors relating to 
the calculation of heat load for glass, lighting and persons, the 
coefficients set out in ASHRAE Fundamental shall be taken 
into consideration. 
f- Safety Factor: 
Which shall be calculated as follows: 
I Sensible heat Latent heat I Max 1 0% Max 5% 
Section Three 
Design of Air-conditioning System 
Article (9): For the purposes hereof, air-conditioning system shall mean the 
components thereof used in air handling, transmission and distribution. 
The design of this system shall take into consideration the following: 
a- To prevent, to the extent possible, hot fresh air from entering 
into the air-conditioned building by taking the following 
precautions: 
1 - Placing the air-conditioned areas always under positive 
pressure. 
2- Preferably, installing air curtains at the entrances and exits of 
public and commercial buildings. 
b- To provide air-conditioning units with heat recovery units in 
accordance with (ASHRAE Standard 90. 1  & 90.2) & 
(ASHRAE Standard 62). 
c- To ensure that the duct leakage does not exceed the values 
mentioned in Smacna.85. Appendix -A and ASHRAE 
Fundamentals, latest version. 
d- To provide the central air conditioning units with a controlling 
device for reducing the fresh air quantity when unneeded, 
specially when relatively large quantities of fresh air are 
required. 
e- To select units having energy efficiency ratio - EER in 
accordance with ASHRAE Standard No. (90. 1 & 90.2), latest 
version, in the case of using central air conditioning systems. 
10 
Chapter Two 
Thermal Insulation Materials 
Section One 
Specifications of Thermal Insulation Materials 
Article ( 1 0): Tbennal insulation materials used in the external walls and roofs shall 
have the following properties: 
a- To be of homogeneous structure. 
b- To be water, humidity and vapor proof. 
c- To be of a durable high insulation efficiency. 
d- To be of a good mechanical ability. 
e- To be corrosion and prevailing environmental circumstance 
resistant. 
f- To have fixed dimensions with low expansion and shrinkage 
ability. 
g- To be thennal shock resistant and capable of bearing swift 
diversity of the temperature under which they exist without 
sustaining a pbysical damage. 
h- To be fire retardant in walls, and to be frre resistant if installed 
in a manner that directly exposes it to frre. 
1- To be fungi resistant and not suitable for bacteria, pest or insect 
growth. 
J- To be resistant to chemical reactions or change. 
Section Two 
Installation of Thermal Insulation Materials 
Article ( 1 1 ): The following tenns and conditions shall be observed in the 
preparation and installation of the thennal insulation materials: 
a- To cover the roof insulation materials from both sides and to 
place a barrier on the top side and a water proof barrier on the 
bottom side. 
b- To store the insulation materials in dry covered places, and to 
preserve them from breakage. 
c- To cover the external wall insulation materials with a vapor 
retardant. 
d- To take due precaution in the storage of insulation materials in 
order to avoid breakage of the same during building works or 
installation. 
e- To ensure that all the insulation material surfaces are dust and 
grease free before using them. 
f- To install insulation materials with good thennal capacity in the 
internal side of walls and roofs, and to install a layer of light 
g-
1 -
1 1  
insulation material in the middle i n  order to get the best results 
of thermal insulation. 
To follow the following steps in using soft organic thennal 
insulation materials in various fields of building: 
Lower floors 
The bottom concrete layer must be completely dry before 
placing the insulation material panels on it. 
2- Cavity Walls 
In case of using the insulation layer in wall cavities, the cavities 
must be sealed against air leakage. 
h- If the building regulations require not less than one hour fire 
resistance for building members, the lower layer bearing the 
insulation panels must be noncombustible. 
i- To store the polystyrene panels for not less than (6) weeks 
before using them in the external walls for insulation. 
J- To follow the following steps to be taken on using mineral fiber 
as an insulation layer in the buildings: 
1 - To know the type, properties and components, including the 
bonding materials and others, of the insulation material before 
use in order to ensure the proper installation of the insulation 
material at the proper place. 
Knowing that the organic bonding materials limit the 
operational temperatures of the insulation materials. 
2- To avoid access of water to the panels by wrapping each of 
them with polyethylene bags or bags made of any other water 
proof material. 
3- To maintain the thickness of the original thermal insulation 
material and not to expose it to pressure during installation in 
the building. In cases where pressure can not be avoided, the 
final thickness after installation shall be considered. 
Cbapter Three 
General Guidelines 
Article ( 1 2): The values of heat transmission coefficients set out in Article (7) 
hereof represent the maximum permitted limits. Such values should be 
preferably reduced by use of the best thermal insulation methods or by 
use of more heat resistant materials, provided that such materials are 
o.w It ' It  E IIcy 
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available in the Emirate at proper prices, for the purpose of energy 
saving and reduction of material cost. 
Article ( 1 3): Heat load calculations shall be submitted for approval by the 
Concerned Department at the Municipality on reference of the 
engineering design of the building to be constructed. 
Article ( 1 4): Thennal bridges in the buildings must be insulated as they represent 
passage for flow of heat from outdoors into the building, such as the 
cormection points between concrete beams and the external walls and 
the columns. 
Article ( 1 5): A slope shall be provided for rain water drainage in all the details of 
the roof insulation. 
Article ( 1 6): The area of glass surfaces should be reduced to the extent possible in 
the sides receiving higher heat quantities at the peak hours due to direct 
sun ray, which are respectively (west, north west, south west). In the 
case of necessity of making big openings in such sides, external 
shading shall be made by either vertical sun breakers or by trees and 
climbing trees. It is preferred to use installations and materials 
assisting in breaking direct ray and preventing it from entering through 
glass openings, such as sun shades, screens, louvers, shutters, awning. 
Article ( 1 7): Inverted section shall be used in the order of insulation layers of the 
external roof of the building. Such layers may be installed in the 
normal order in case of adding layers of fmish materials, such as tiles 
and similar materials, on the water proof insulation. 
Article ( 1 8): Preferably, plant items (ever-green trees and climbing trees) should be 
used on west sides and trees with (falling leaves) should be used on 
south sides, in addition to (vertical sun ray breakers) on the west sides 
and (horizontal sun ray breakers) on the south sides in order to provide 
proper shading for the building. 
Article ( 1 9): Ideal utilization of the direction of the building should be observed to 
the extent possible, specially with respect to the direction of the 
windows, knowing that the ideal direction in the Emirate is north/south 
generally. West openings should be avoided to the extent possible. 
Article (20): Paved places of the garden should be preferably located at the north 
area of the building in order to reflect sun ray away from the building. 
Article (2 1 ): The enttance of the building should be preferably void in order to 
reduce thermal loss and to achieve comfort, specially in the public 
areas. 
Article (22): To take all the precautions necessary for preventing air lea1cage into the 
building through the slits, doors and windows, weather strips should be 
installed for this purpose. 
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Article (23): The outdoor paints of the building should be generally in light colors. 
the texture of the walls and the external surfaces should be soft to 
increase heat reflectivity of such walls. In the case of using dark 
colors, a heat outcome equivalent to the outcome of using light colors 
should be observed. 
Article (24): In installation of the walls thennal insulation materials which need 
fixing fasteners. Such fixing fasteners should be rust proof. 
Article (25): Programmed thennostat should be preferably used in governmental 
buildings, schools, hospitals and clinics through which the indoor 
temperature of such buildings can be increased when they are 
abandoned. 
Appendix 3 
Description :  
Fol lowing tables cover electricity consumption in  both Abu Dhabi city and 
M usafah city. The tables came from seven hundred bui ld ings in  Abu Dhabi city 
and  three hundred bu i ld ings in Musafah city. both cities was chossed because 
percentage of the g lass used can figured 
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consumption consumption consumJ.ltion 
26.6091 5981 1 79.9240653 1 77.3943987 
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Appendix 4 
Description: appendix four  tables cover results based on Hourly Analysis 
program 4.2 (HAP 4.2) ,  d ifferent parameters were tested as table below: 
North and South Orientation East and West Orientation 
(50% glass area from 
the total elevation area) 
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Ta ble 1 
U-va lue 3.28 W/m2.K, SC 0.4 
DESIGN COOLING 
COOLING DATA AT Jul 1 500 
COOLING OA DB I WB 43.9 ·C I 23.3 
·C 
Sens ible Latent 
ZONE LOADS Details (W (W) 
Window & Skylight Solar Loads 264 m2 8569 · 
Wall Transmission 828 m2 6440 · 
Roof Transmission 360 m2 5907 · 
Window Transmission 264 m2 1 4969 · 
Floor Transmission 360 m2 2353 · 
Partitions 2 1 0  m2 0 · I 
Overhead Lighting 3 1 1 04 W 3 1 1 02 · 
Electric Equipment 4000 W 4000 · 
People 200 14360 1 20 1 6  
Infiltration · 0 0 
Safety Factor 1 0% 1 5% 8770 601 
» Total Zone Loads · 96469 1 26 1 7  
Zone Conditioning · 98031 1 26 1 7  
Return Fan Load 8943 Us 0 · 
Ventilation Load 2000 Us 46727 ·827 
Supply Fan Load 8943 Us 7453 · 
Duct Heat Gain 1 Loss 0% 0 · 
» Total System Loads - 1 5221 0 1 1 790 
Central Cooling Coil · 1 522 1 0  1 1 79 1  
» Total Conditioning - 1 5221 0 1 1 791 
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Ta ble 2 
U-va lue 3.28 W/m2.K, SC 0.35 
DESIGN COOLING 
COOLING DATA AT Jul 1 500 
COOLING OA DB I WB 43.9 'C 1 23.3 
'c 
Sensible Latent 
ZONE LOADS Details (W) (W) 
Window & Skylight Solar 
Loads 264 m2 7536 • 
Wall Transmission 828 m2 6445 . 
Roof Transmission 360 m2 5834 • 
Window Transmission 264 m2 1 5327 
Floor T,ansmlsslon 360 m2 2373 • 
Partitions 2 1 0  m2 0 . 
Overhead lighting 3 1 1 04 W 3 1 1 02 • 
Electric Equipment 4000 W 4000 . 
People 200 1 4360 1 20 1 6  
Infiltration • 0 0 
Safety Factor 1 0% 1 5% 8698 601 
» Total Zone Loads • 95674 1 26 1 7  
Zone Conditioning • 96571 1 26 1 7  
Return F a n  Load 8739 Us 0 • 
Ventilation Load 2000 Us 47538 ·706 
Supply Fan Load 8739 Us 7283 • 
Duct Heat Gain I Loss 0% 0 • 
» Total System Loads • 1 51 392 1 1 9 1 1  
ICentral Cooling Coil • 1 51 392 1 1 9 1 4  
I» Total Conditioning • 1 51 392 1 1 9 1 4  
__ __ ___ __ _ __ _ ___  L-__ __ L--_  
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Table 3 Ta ble 4 
U-va lue 3.28 W/m2.K, SC 0.30 U-va lue 2.1  W/m2.K, SC 0.4 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 ·C 1 23.3 COOLING OA DB 1 WB 43.9 ·C 1 23.3 
·C ·C 
Sensible Latent Sensible Latenl 
ZONE LOADS Detai ls (W) (W) ZONE LOADS Detai ls  (W) (W) 
:WlndOW & ::ikYligm ,>olar 
Window & Skylight Solar Loads 264 m' 6667 . Loads 264 m' 8402 . 
Wall Transmission 828 m' 6397 - Wall Transmission 828 m2 6426 -
Roof Transmission 360 m' 5726 - Roof Transmission 360 m' 5339 -
Window Transmission 264 m' 1 5327 - Window Transmission 264 m' 9751 -
Floor Transmission 360 m' 2373 - Floor Transmission 360 m' 2391 -
Partitions 2 1 0  m' 0 . Partitions 2 1 0  m' 0 -
Overhead Lightmg 3 1 1 04 W 3 1 1 02 - Overhead Lightmg 3 1 1 04 W 3 1 1 02 -
Electric Equipment 4000 W 4000 - E lectric EqUipment 4000 W 4000 -
People 200 1 4 360 1 20 1 6  People 200 1 4360 1 20 1 6  
Inflitration - 0 0 , Infiltration - 0 0 
Safety Factor 1 0% 1 5% 8595 601 Safety Factor 1 0% / 5% 81 77 601 
» Total Zone Loads - 94547 1 26 17  » rotal Zone Loads - 89948 1 261 7 
Zone Conditioning - 95082 1 261 7 Zone Conditioning - 92002 1 26 1 7  
Return Fan Load 8540 Us 0 - Return Fan Load 8524 Us 0 -
Venlilation Load 2000 Us 47528 -485 Ventilation Load 2000 Us 46689 - 1 498 
Supply Fan Load 8540 Us 7 1 1 7 - Supply Fan Load 8524 Us 7 1 03 -
Duct Heat Gam 1 Loss 0% 0 - Duct Heat Gain / Loss 0% 0 -
» Total System Loads - 149727 1 21 32 » Total Syst.em Loads - 1 45794 1 1 1 1 8  
Central Cooling Coil 149727 1 2 1 34 Central Cooling Coil - 145794 1 1 1 24 
» Total Conditioning - 1 49727 1 2 1 34 I» Total Conditioning - 145794 1 1 1 24 
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Ta ble 5 Table 6 
U-value 2 . 1  W/m2.K,  SC 0.35 U-va lue 2 . 1  W/m2.K, SC 0.30 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLI NG DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 ·C 1 23.3 COOLING OA DB 1 WB 43.9 ·C 1 23.3 
·C ·C 
Sens i ble Latent Sensible Latent 
ZONE LOADS Detai ls (W) (W) ZONE LOADS Details (W) (W) 
[Window IS. �kyllght �olar 
Window & Skylight Solar Loads 264 m2 7778 - Loads 264 m2 6460 -
Wall Transmission 828 m2 6397 - Wall Transmission 828 m2 6445 -
Roof Transmission 360 m2 5726 . Roof Transmission 360 m2 5834 -
Window Transmission 264 m2 981 3  - Window Transmission 264 m2 981 3  -
Floor Transmission 360 m2 2373 - Floor Transmission 360 m2 2373 -
Partitions 2 1 0  m2 0 . Partitions 2 1 0  m2 0 . 
Overhead lighting 3 1 1 04 W 3 1 1 02 - Overhead Lighting 3 1 1 04 W 3 1 1 02 -
Electric Equipment 4000 W 4000 - Electric Equipment 4000 W 4000 -
People 200 1 4 360 1 20 1 6  People 200 14360 1 20 1 6  
Infiltration - 0 0 I nfiltration - 0 0 
Safety Factor 1 0% 1 5% 8 1 55 601 I Safety Factor 1 0% 1 5% 8039 601 
» Total Zone Loads · 89705 1 261 7 » Total Zone Loads - 88424 1 26 1 7  
Zone Conditioning - 91 077 1 26 1 7  Zone Conditioning - 89743 1 26 1 7  
Return Fan Load 8293 Us 0 - Return Fan Load 8084 Us 0 -
Ventilation Load 2000 Us 47581 -934 Ventilation Load 2000 Us 47500 -708 
Supply Fan Load 8293 Us 691 1 - Supply Fan Load 8084 Us 6737 -
Duct Heat Gain 1 Loss 0% 0 - Duct Heat Gain 1 Loss 0% 0 -
» Total System Loads · 145568 1 1 683 » Total System Loads - 1 43979 1 1 908 
Central Cooling COil - 1 45568 1 1 690 Central Cooling Coil - 1 43979 1 1 9 1 3  
» Total Conditioning · 145568 1 1 690 » Total Conditioning . 143979 1 1 91 3  
� ___ L... _____ _ --
Ta ble 8 
U -va lue 3 .28 W/m2.K,  SC 0.4 U-va l ue 3 .28 W/m2.K, SC 0.35 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 °C 1 23.3 COOLING OA DB I WB 43.9 °C I 23.3 
°C °C 
Sensible Latent Sensible Latent 
ZONE LOADS Deta i ls  (W) (W) ZONE LOADS Details (W) (W) 
IWindow & Skylight Solar 
Window & Skylight Solar Loads 598 m' 40674 - Loads 598 m' 25584 · 
Wail Transmission 494 m' 3229 · Wall Transmission 494 m' 3698 -
Roof Transmission 360 m' 4835 · Roof Transmission 360 m' 5262 -
Window Transmission 598 m' 28695 · Window Transmission 598 m' 32559 -
Floor Transmission 360 m' 2032 - I Floor T ransmission 360 m' 2305 · 
Partitions 2 1 0  m' 0 - Partitions 2 1 0  m' 0 · 
Overhead Lighting 3 1 1 04 W 3 1 1 02 · Overhead Lighting 3 1 1 04 W 3 1 1 02 · 
E lectric Equipment 4000 W 4000 · E lectric Equipment 4000 W 4000 · 
People 200 14360 1 20 1 6  People 200 14360 1 20 1 6  
Infiltration - 0 0 I nfiltration · 0 0 
Safety Factor 1 0% 1 5% 1 2893 601 Safety Factor 1 0% 1 5% 1 1 887 601 
» Total Zone Loads · 1 4 1 8 1 9  1 26 1 7  ,, >  Total Zone Loads · 1 30758 1 26 1 7  
Zone Conditioning · 1 4 1 434 1 261 7 Zone Conditioning - 1 30680 1 261 7 
Return Fan Load 1 2534 Us 0 · Return Fan Load 1 1 980 Us 0 -
Ventilation Load 2000 Us 401 38 -6665 Ventilation Load 2000 Us 44770 -3 1 83 
Supply Fan Load 1 2534 Us 1 0446 - Supply Fan Load 1 1 980 Us 9983 -
Duct Heat Gain 1 Loss 0% 0 · Duct Heat Gain 1 Loss 0% 0 . 
» Total System Loads · 1 9201 7 5952 » Total System Loads · 1 85433 9434 
Central Cooling Coil · 1 9201 7  5955 Central Cooling Coil · 185433 9437 
» Total Conditioning · 1 920 1 7  5955 » Total Conditioning · 1 85433 9437 
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Ta ble 9 Table '1 0 
U-va lue 3.28 W/m2.K, SC 0.30 U-va lue 2.1  W/m2.K, SC 0.40 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB I WB 43.9 ·C I 23.3 COOLING OA DB I WB 43.9 ·C 1 23.3 
·C ·C 
Sensible Latent Sensible Latent 
ZONE LOADS Details (W) (W) ZONE LOADS Detai ls (W) (W) 
IWlndow II. �kyllght Solar 
Window & Skylight Solar Loads 598 m2 1 5722 - Loads 598 m2 40674 -
Wall Transmission 494 m2 4000 - Wall rransmlsslon 494 m2 3229 -
Roof Transmission 360 m2 5829 - Roof Transmission 360 m2 4835 -
Window Transmission 598 m2 33929 - Window Transmission 598 m2 1 8372 -
Floor Transmission 360 m2 2353 - Floor Transmission 360 m2 2032 -
Par1ltlons 2 1 0  m2 0 - Partitions 2 1 0  m2 0 -
Overhead lighting 3 1 1 04 W 31 1 02 - Overhead Lighllng 31 1 04 W 31 1 02 -
Electric Equipment 4000 W 4000 - ElectriC Equipment 4000 W 4000 -
People 200 1 4360 1 20 1 6  People 200 1 4360 1 20 1 6  
Infiltration - 0 0 Infiltrallon - 0 0 
Safety Factor 1 0% 1 5% 1 1 1 29 601 Safety Factor 1 0% / 5% 1 1 860 601 
» Total Zone Loads · 122424 1 26 1 7  » Total Zone Loads - 1 30464 1 26 1 7  
Zone Conditioning - 1 23791 1 26 1 7  Zone Conditioning - 1 304 1 4  1 26 1 7  
Return Fan Load 1 1 481 Us 0 . Return Fan Load 1 1 673 Us 0 -
Ventilation Load 2000 Us 46764 -1 065 Ventilation Load 2000 Us 40056 -7227 
Supply Fan Load 1 1 481 Us 9568 - Supply Fan Load 1 1 673 Us 9728 -
Duct Heat Gain I Loss 0% 0 . Duct Heat Gain I Loss 0% 0 -
» Total System Loads · 1 801 22 1 1 552 » Total System Loads . 1 80 1 9B 5390 
Central Cooling Call - 1 80 1 22 1 1 560 Central Cooling Coil - 1 80198 5398 
» Total Conditioning · 1 80 1 22 1 1 560 » Total C on ditioning - 1 801 9B 539B 
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Ta ble 1 1  Table 1 2  
U-va lue 2 . 1  W/m2.K, SC 0.35 U-va lue 2 .1  W/m2.K, SC 0.30 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB I WB 43.9 ·C I 23.3 COOLING OA DB / WB 43.9 ·C / 23.3 
·C ·C 
Sensible Latent Sensible Latent 
ZONE LOADS Details (W) (W) ZONE LOADS Details (W) (W) 
IWlndow & �kyllgllt Solar 
Window & Skylight Solar Loads 598 m' 26887 - Loads 598 m' 2 1 929 -
Wall Transmission 494 m' 3691 - Wall Transmission 494 m' 3698 -
Roof Transmission 360 m' 5429 - Roof Transmission 360 m' 5262 -
Window Transmission 598 m2 20326 - Window Transmission 598 m' 20846 -
Floor Transmission 360 m' 2248 - Floor Transmission 360 m' 2305 -
Partitions 2 1 0 m' 0 - Partitions 2 1 0  m' 0 -
Overhead Lighllng 3 1 1 04 W 3 1 1 02 - Overhead lighting 3 1 1 04 W 31 1 02 -
Electric Equipment 4000 W 4000 - Electric Equipment 4000 W 4000 -
People 200 1 4360 1 2016  People 200 14360 1 20 1 6  
Infi ltration - 0 0 Infiltration - 0 0 
Safety Factor 1 0% / 5% 1 0804 601 Safety Factor 1 0% / 5% 1 0350 601 
» Total Zone Loads - 1 1 8848 1 26 1 7  » Total Zone Loads - 1 1 3853 1 26 1 7  
Zone Conditioning - 1 1 8652 1 261 7 Zone Conditioning - 1 1 6090 1 261 7 
Return Fan Load 1 1 1 1 8 Us 0 - i Return Fan Load 1 0564 Us 0 -
Ventilation Load 2000 Us 438 1 2  -4128  I Ventilation Load 2000 Us 45083 -2583 
Supply Fan Load 1 1 1 1 8  Us 9266 - Supply Fan Load 1 0564 Us 8804 -
Duct Heat Gain / Loss 0% 0 - Duct Heat Gain / Loss 0% 0 -
» Total System Loads . 1 7 1 730 8489 » Total System Loads - 1 69976 1 0034 
Central Cooling Coil - 1 7 1 730 8493 Central Cooling COil - 1 69976 1 0038 
» Total Conditioning . 1 7 1 730 8493 » Total Conditioning - 1 69976 1 0038 
.,'aoo W(tst orianta 
. "'--
Table 1 3  
U-va lue 3 .28 W/m2.K, SC 0 .4 
DESIGN COOLI NG 
COOLING DATA AT Jul 1 500 
COOLING OA DB I WB 43.9 ·C I 23.3 
·C 
Sensible Latent 
ZONE LOADS Detai ls (W) (W) 
Window & Skylight Solar Loads 264 m2 23244 -
Wall Transmission 828 m2 6263 -
Roof Transmission 360 m2 54 1 9  -
Window Transmission 264 m2 1 4750 -
Floor Transmission 360 m2 2366 -
Partitions 2 1 0  m' 0 -
Overhead Lighllng 3 1 1 04 W 3 1 1 02 -
Electric Equipment 4000 W 4000 -
People 200 1 4 360 1 20 1 6  
Safety Factor 1 0% 1 5% 1 01 50 601 
» Total Zone Loads - 1 1 1 653 1 26 1 7  
Zone Conditioning - 1 1 3264 1 261 7 
Return Fan Load 9883 Us 0 -
Ventilation Load 2000 Us 45384 2 1 64 
Supply Fan Load 9883 Us 8236 -
» Total System Loads - 1 66883 1 4781 
Central Cooling Coil - 1 66883 1 4783 
» Total Condition ing - 1 66883 14783 
I 
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Table 1 4  
U-va lue 3.28 W/m2.K, SC 0.35 
DESIGN COOLING 
COOLING DATA AT Jul 1 500 
COOLING OA DB I WB 43.9 ·C I 23.3 
·C 
Sensible Latent 
ZONE LOADS Details (W) (W) 
:WlrlOOW & Skylight Solar 
Loads 264 ma 20299 -
Wall Transmission 828 ma 6454 -
Roof Transmission 360 m2 5488 -
Window Transmission 264 m2 1 5231 -
Floor Transmission 360 ma 2391 -
Partitions 2 1 0  ma 0 -
Overhead L ighting 3 1 1 04 W 3 1 1 02 -
Electric Equipment 4000 W 4000 -
People 200 1 4360 1 20 1 6  
Safety Factor 1 0% 1 5% 9933 601 
» Total Zone Loads - 1 09258 1 26 1 7  
Zone Condllionlng - 1 09 1 36 1 26 1 7  
Return Fan L oad 9606 Us 0 -
Ventilallon Load 2000 Us 46482 1 88 
Supply Fan Load 9606 Us 8005 -
» Total System Loads - 1 63623 1 2805 
Central Cooling Coil - 1 63623 1 28 1 3  
�Total Conditioning . 1 63623 1 28 1 3  
-_.- -
Page 34 
Ta ble 1 5  Ta b le  '1 6 




COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 ·C 1 23.3 COOLING OA DB 1 WB 43.9 ·C 1 23.3 
·C ·C 
Sensible Latent Sensible Latent 
ZONE LOADS Details (W) (W) ZONE LOADS Detai ls  (W) (W) 
Window & Skylignt �olar 
Window & Skylight Solar Loads 264 m' 1 7433 - Loads 264 m' 23199 -
Wall Transmission 828 m' 6263 - Wall Transmission 828 m' 6454 -
Roof Transmission 360 m' 54 1 9  - Roof Transmission 360 m' 5488 -
Window Transmission 264 m' 1 4750 - Window Transmission 264 m' 9751 -
Floor Transmission 360 m' 2366 - Floor Transmission 360 m' 2391 -
Partitions 2 1 0  m' 0 - Partihons 2 1 0  m' 0 -
Overhead Lighting 3 1 1 04 W 3 1 1 02 - Overhead Lighting 3 1 1 04 W 31 1 02 -
Electric Equipment 4000 W 4000 - Electric EqUipment 4000 W 4000 -
People 200 1 4360 1 20 1 6  People 200 1 4360 1 20 1 6  
Infiltration - 0 0 Infiltration - 0 0 
Safety Factor 1 0% 1 5% 9569 601 Safety Factor 1 0% 1 5% 9675 601 
» Total Zone Loads - 1 05261 1 26 1 7  » Total Zone Loads - 1 06421 1 26 1 7  
Zone Conditioning - 1 05468 1 26 1 7  Zone Conditioning - 1 06505 1 26 1 7  
Return F a n  Load 9330 Us 0 - Return Fan Load 9353 Us 0 -
Ventilation Load 2000 Us 451 88 1 298 Ventilation Load 2000 Us 46451 1 90 
Supply Fan Load 9330 Us 7775 - Supply Fan Load 9353 Us 7794 -
Duct Heat Gain 1 Loss 0% 0 - Duct Heat Gain 1 Loss 0% 0 -
» Total System Loads - 1 58430 1 3914 » Total System Loads . 1 60751 1 2807 
Central Cooling Coil - 1 58430 1 3921 Central Cooling COil - 1 60751 1 2 8 1 4  
» Total Conditi oning . 1 58430 1 3921 » Total Conditioning . 1 60751 1 2814  
Table 1 7  
U-va lue 2 . 1  W/m2.K, SC 0.35 
DESIGN COOLING 
COOLING DATA AT Jul 1 500 
COOLING OA DB f WB 43 .9 ·C f 23.3 
·C 
Sensible Latent 
ZONE LOADS Details (W) (W) 
Window & Skylight Solar Loads 264 m' 20299 -
Wall Transmission 828 m' 6454 -
Roof Transmission 360 m' 5488 -
Window Transmission 264 m' 9751 -
Floor Transmission 360 m' 2391 -
Partitions 2 1 0  m' 0 -
Overhead lighting 3 1 1 04 W 3 1 1 02 -
Electric Equipment 4000 W 4000 -
People 200 1 4 360 1 20 1 6  
I nfiltration - 0 0 
Safety Factor 1 0% f 5% 9385 601 
» Total Zone Loads - 1 03231 1 26 1 7  
Zone Condllioning - 1 03 1 87 1 26 1 7  
Return Fan Load 9075 Us 0 -
Ventilation Load 2000 Us 46456 1 0 1  
Supply Fan Load 9075 Us 7563 -
Duct Heat Gain f Loss 0% 0 -
» Total System Loads - 1 57205 12718  
Central Cooling Coil - 1 57205 1 2724 
» Total Conditioning - 1 57205 1 2724 
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Ta ble 1 8  
U-va lue 2 . 1  W/m2.K, SC 0.30 
ZONE LOADS 
iWlndow & Skylight SOlar 
Loads 
Wall Transmission 
Roof T ransmission 
Window T ransmission 
Floor T ransmission 
Partitions 
Overhead Lighting 




» Total Zone Loads 
Zone Conditioning 
Return Fan Load 
Ventilation Load 
Supply Fan Load 
Duct Heat Gain I Loss 
» Total System Loads 
Central Cooling Coil 
» Total Conditioning 
.�-�---
DESIGN COOLING 
COOLING DATA AT Jul 1 500 
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U-va lue 3.28 W/m2.K,  SC 0.4 U-value 3.28 W/m2.K, SC 0.35 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 ·C 1 23.3 COOLING OA DB 1 WB 43.9 ·C 1 23.3 
·C ·C 
Sensible Latent Sensible Latent 
ZONE LOADS Details (W) (W) I ZONE LOADS Details (W) (W) i IWlnclow I). ::il<yllghl ::iolar 
Window & Skylight Solar Loads 598 m' 52585 - Loads 598 m2 460 1 2  -
Wall Transmission 494 m7 364 1 Wall Transmission 494 m2 3641 -
Roof Transmission 360 m' 5488 - Roof Transmission 360 m2 5488 -
Window Transmission 598 m2 34523 - Window Transmission 598 m2 34523 -
Floor Transmission 360 m2 2391 - Floor Transmission 360 m2 2391 -
Partitions 2 1 0  m2 0 - Partitions 2 1 0  m' 0 -
Overhead lighting 31 1 04 W 3 1 1 02 - Overhead Lighting 3 1 1 04 W 31 1 02 -
E lectric EqUipment 4000 W 4000 - Electric EqUipment 4000 W 4000 -
People 200 1 4 360 1 20 1 6  People 200 14360 1 20 1 6  
I nfiltration - 0 0 Infiltration - 0 0 
Safety Factor 1 o 'Yo 1 5% 1 4809 601 Safety Factor 1 0% 1 5% 1 4 1 52 601 
» Total Zone Loads - 1 62899 1 26 1 7  » Total ZonG Loads - 1 55669 1 261 7 
Zone Conditioning - 1 62664 1 26 1 7  Zone Conditioning 1 55460 1 26 1 7  
Return Fan Load 1 43 1 7  Us 0 - Return Fan Load 1 3681 Us 0 -
Ventilation Load 2000 Us 46540 709 Ventilation Load 2000 Us 46530 657 
Supply Fan Load 1 4 3 1 7  Us 1 1 931 - Supply Fan Load 1 3681 Us 1 1 401 -
Duct Heat Gain I Loss 0% 0 - Duct Heat Gain 1 Loss 0% 0 -
» Total System Loads - 221 1 35 1 3326 » Total System Loads . 21 3391 1 3274 
Central Cooling Coil - 221 1 35 1 3329 Central Cooling Coil - 2 1 3391 1 3277 
» Total Conditioning - 221 1 35 1 3329 » Total Conditioning - 21 3391 1 3277 
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Table 21 Table 22 
U-va l ue 3.28 W/m2.K,  SC 0 .30 U-va l ue 2 . 1  W/m2. K, SC 0.40 
DESIGN COOLING DESIGN COOLING 
COOLING OAT A AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 DC 1 23.3 COOLING OA DB 1 WB 43.9 DC 1 23.3 
DC DC 
Sensible Latent Sensib le Latent 
ZONE LOADS Detai ls (W) (W) ZONE LOADS Detai ls  (W) (W) 
IWlndow & Skylight Solar 
Window & Skylight Solar Loads 598 m' 395 1 4  - Loads 598 m' 52585 -
Wall Transmission 494 m2 3532 - Wall Transmission 494 m' 364 1 · 
Roof Transmission 360 m' 54 1 9  - Roof Transmission 360 m' 5488 · 
Window Transmission 598 m' 33433 - Window Transmission 598 m2 22 1 03 · 
Floor Transmission 360 m' 2366 - I Floor Transmission 360 m' 2391 -
Partitions 2 1 0  m' 0 I - , Partitions 2 1 0  m2 0 · 
Overhead Lighting 31 1 04 W 31 1 02 - Overhead lighting 3 1 1 04 W 3 1 1 02 · 
Electric EqUipment 4000 W 4000 - Electric EqUipment 4000 W 4000 -
People 200 1 4 360 1 20 1 6  People 200 1 4360 1 20 1 6  
Infiltration - 0 0 Infiltration - 0 0 
Safety Factor 1 0% / 5% 1 3373 601 Safety Factor 1 0% / 5% 1 3567 601 
» Total Zone Loads - 1 47099 1 2617  » Total Zone Loads · 1 49237 1 26 1 7  
Zone Conditioning - 1 482 1 8  1 26 1 7  Zone Conditioning - 1 49001 1 26 1 7  
Return Fan Load 1 3046 Us 0 - Return Fan Load 1 3 1 1 6  Us 0 -
Ventilation Load 2000 Us 45397 2 1 96 Ventilation Load 2000 Us 46504 570 
Supply Fan Load 1 3046 Us 1 0872 - Supply Fan Load 1 31 1 6 Us 1 0930 -
Duct Heat Gain 1 Loss 0% 0 - Duct Heat Gain I Loss 0% 0 -
» Total System Loads - 204486 14813  » Total System Loads - 206435 1 3 1 87 
Central Cooling COil - 204486 1 481 8 ,Central Cooling Coil · 206435 1 3 1 90 
» Total Cond it ioning . 204486 1 48 1 8  » Total Conditioning · 206435 1 31 90 
--�-- -
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Ta ble 23 Table 24 
U-va l ue 2.1 W/m2.K, SC 0.35 U-va l ue 2.1 W/m2.K,  SC 0.30 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 ·C 1 23.3 COOLING OA DB 1 WB 43.9 ·C 1 23.3 
·C ·C 
Sensible Latent Sensible Latent 
ZONE LOADS Details (W) (W) ZONE LOADS Details (W) (W) 
IWlndow IS. �Kyllght �olar 
Window & Skylight Solar Loads 598 m' 458 1 1 - Loads 598 m' 39439 -
Wall Transmission 494 m' 3629 - Wall Transmission 494 m' 3641 -
Roof Transmission 360 m' 5339 - Roof Transmission 360 m' 5488 -
Window Transmission 598 m' 221 03 - Window Transmission 598 m' 22 1 03 -
Floor Transmission 360 m' 2391 - Floor T ransmission 360 m2 2391 -
Partitions 2 1 0  m' 0 - Partitions 2 1 0  m' 0 -
Overhead Lighting 3 1 1 04 W 31 1 02 - Overhead L lghltng 3 1 1 04 W 31 1 02 -
Electric Equipment 4000 W 4000 - , E lectric Equipment 4000 W 4000 -
People 200 1 4360 1 20 1 6  People 200 1 4360 1 20 1 6  
Infiltration - 0 0 I nfiltration - 0 0 
Safety Factor 1 0% 1 5% 1 2874 601 Safely Factor 1 0% 1 5% 1 2252 601 
» Total Zone Loads - 1 4 1 609 1 26 1 7  » Total Zone L oads - 1 34776 1 26 1 7  
Zone Conditioning - 1 4 1 390 1 26 1 7  Zone Conditioning - 1 34548 1 26 1 7  
Return F a n  Load 1 2480 Us 0 - Return Fan Load 1 1 845 Us 0 -
Ventilation Load 2000 Us 46534 464 Ventilation Load 2000 Us 46493 443 
Supply Fan Load 1 2480 Us 1 0401 - Supply Fan Load 1 1 845 Us 9871 -
Duct Heat Gain I Loss 0% 0 - Duct Heat Gain I Loss 0% 0 -
» Total System Loads - 1 98324 1 3080 » Total System Loads . 1 9091 3  1 3060 
Central Cooling Coil - 1 98324 1 3083 Central Cooling COil - 1 9091 3 1 3082 
» Total Conditioning - 198324 1 3083 » Total Conditioning . 1 9091 3  1 3082 
- ----- - -� - -- - �- - - -- --- --- . 
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DSF 
�o.nt) �.rtrI·south. ora 't,g!as's a-tea 
Ta ble A Ta ble B 
U-va lue 1 .4 W/m2. K, SC 0.4 U-va lue 1 .4 W/m2K, SC 0.35 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 °C 1 23.3 COOLING OA DB 1 WB 43.9 °C 1 23.3 
°C °C 
Sensible Latent Sensi ble Latent 
ZONE LOADS Deta i ls  (W) (W) ZONE LOADS Details (W) (W) 
Window & S� yllght Solar 
Window & Skylight Solar Loads 598 m2 29239 - Loads 598 m2 26887 -
Wall Transmission 494 m2 3698 - Wall Transmission 494 m2 3691 -
Roof Transmission 360 m2 5262 - Roof Transmission 360 m' 5429 -
Window Transmission 598 m' 1 3897 - Window Transmission 598 m' 1 3551 -
Floor Transmission 360 m2 2305 - Floor I ransmlsslon 360 m2 2248 -
Overhead Lighting 3 1 1 04 W 3 1 1 02 - Overhead Lighting 31 1 04 W 3 1 1 02 -
E lectric Equipment 4000 W 4000 - E lectric EqUipment 4000 W 4000 -
People 200 1 4 360 1 20 1 6  People 200 1 4360 1 20 1 6  
I nfiltration - 0 0 Infiltration - 0 0 
Safety Factor 1 0% 1 5% 1 0386 601 Safety Factor 1 0% 1 5% 1 0 1 27 601 
» Total Zone Loads - 1 1 4250 1 2617  » Total Zone Loads . 1 1 1 395 1 26 1 7  
Zone Conditioning - 1 1 6 1 00 1 26 1 7  Zone Conditioning - 1 1 2577 1 261 7 
Return Fan Load 1 1 1 62 Us 0 - Return Fan Load 1 0607 Us 0 -
Ventilation Load 2000 Us 45085 -4463 Ventilation Load 2000 Us 44056 -4002 
Supply Fan Load 1 1 1 62 Us 9302 - Supply Fan Load 1 0607 Us 8840 -
Duct Heat Gain 1 Loss 0% 0 - Duct Heat Gain 1 Loss 0% 0 -
» Total System Loads . 1 70487 8 1 54 » Tota l System Loads - 1 65472 861 5 
Central Cooling Coil - 1 70487 8 1 59 Central Cooling Coil - 1 65472 861 9  




U-va lue 1 .4 W/m2K, SC 0.30 
DESIGN COOLING 
COOLING DATA AT Jul 1 500 
COOLING OA DB I WB 43.9 ·C I 23.3 
·C 
Sens ible Latent 
ZONE LOADS Detai ls  (W) (W) 
Window & Skylight Solar Loads 598 m2 2 1 929 -
Wall Transmission 494 m2 3698 -
Roof Transmission 360 m2 5262 -
Window Transmission 598 m2 1 3897 - , 
Floor Transmission 360 m2 2305 -
Partitions 2 1 0  m2 0 -
Overhead lighting 31 1 04 W 31 1 02 -
Electric Equipment 4000 W 4000 -
People 200 1 4360 1 20 1 6  
Infiltration - 0 0 
Safety Factor 1 0% / 5% 9655 601 
» Total Zone Loads . 1 06210 1 26 1 7  
Zone Conditioning - 1 07530 1 26 1 7 
Return Fan Load 1 0053 Us 0 -
Ventilation Load 2000 Us 44897 -3882 
Supply Fan Load 1 0053 Us 8378 -
Duct Heat Gain / Loss 0% 0 -
» Total System Loads - 1 60805 8735 
Central Cooling Coil - 1 60805 8739 
» Total Conditioning . 1 60805 8739 
Page 4 1  
DSF 
Table 0 Table E 
U-va lue 1 .4 W/m2. K, SC 0.4 U-value 1 .4 W/m2K, SC 0.35 
DESIGN COOLING DESIGN COOLING 
COOLING DATA AT Jul 1 500 COOLING DATA AT Jul 1 500 
COOLING OA DB 1 WB 43.9 'C 1 23.3 COOLING OA DB 1 WB 43.9 'C 1 23.3 
'c 'c 
Sensible Latent Sensible Latent 
ZONE LOADS Detai ls (W) (W) ZONE LOADS Details (W) (W) 
IWlndow 8. �Kyllght Solar 
Window & Skylight Solar Loads 598 m' 52585 - Loads 598 m' 458 1 1 -
Wall Transmission 494 m2 364 1 - Wall Transmission 494 m' 3629 -
Roof Transmission 360 m2 5488 - , Roof Transmission 360 m2 5339 -
Window Transmission 598 m2 1 4735 - I Window Transmission 598 m' 1 4735 -
Floor Transmission 360 m2 2391 - Floor Transmission 360 m2 2391 -
Partitions 2 1 0  m' 0 - Partitions 2 1 0  m' 0 -
Overhead lighting 3 1 1 04 W 31 1 02 - Overhead Lighting 31 1 04 W 3 1 1 02 -
E lectric Equipment 4000 W 4000 - E lectric Equipment 4000 W 4000 -
People 200 1 4 360 1 20 1 6  People 200 1 4360 1 20 1 6  
Infiltration - 0 0 I nfiltration - 0 0 
Safety Factor 1 0% / 5% 1 2830 601 Safety Factor 1 0% / 5% 1 2 1 37 601 
» Total Zone Loads - 1 41 1 33 1 261 7 » Total Zone Loads - 1 33504 1 261 7 
Zone Conditioning - 1 40762 1 26 1 7  Zone Conditioning - 1 33566 1 26 1 7  
Return Fan Load 1 2404 Us 0 - Return Fan Load 1 1 768 Us 0 -
Ventilation Load 2000 Us 46490 455 Ventilation Load 2000 Us 4651 7 445 
Supply Fan Load 1 2404 Us 1 0337 - Supply Fan Load 1 1 768 Us 9807 -
Duct Heat Gain 1 Loss 0% 0 - Duct Heat Gain 1 Loss 0% 0 -
» Total System Loads - 1 97589 1 3072 » Total System Loads - 1 89891 1 3062 
Central Cooling Coil - 1 9 7589 1 3075 Central Cooling Coil - 1 89891 1 3064 
» Total Conditioning - 1 97589 1 3075 » Total Conditioning - 1 89891 1 3064 
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Table F 
U-va l ue 1 .4 W/m2K, SC 0.30 
DESIGN COOLING 
COOLING DATA AT Jul 1 500 
COOLING OA DB I WB 43.9 ·C I 23.3 
·C 
Sensible Latent 
ZONE LOADS Detai l s  (W) (W) 
Window & Skylight Solar Loads 598 m2 39439 -
Wall Transmission 494 m2 364 1 -
Roof Transmission 360 m2 5488 -
Window Transmission 598 m2 1 4735 -
Floor Transmission 360 m2 2391 -
Partitions 2 1 0  m2 0 -
Overhead lighting 3 1 1 04 W 3 1 1 02 -
Electric Equipment 4000 W 4000 -
People 200 14360 1 20 1 6  
Infiltration - 0 0 
Safety Factor 1 0% / 5% 1 1 516  60 1 
» Total Zone Loads - 1 26672 1 26 1 7  
Zone Conditioning - 1 26449 1 26 1 7  
Return Fan Load 1 1 1 33 Us 0 -
Ventilation Load 2000 Us 46470 338 
Supply Fan Load 1 1 1 33 Us 9277 -
Duct Heat Gain I Loss 0% 0 -
» Total System Loads - 1 821 96 1 2955 
Central Cooling Coil - 1 82 1 96 1 2974 
» Total Cond itioning - 1 82 1 96 1 2974 
- -- --- --
North and South oriantation 
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55% Glass from the total Elevations area,Double Skin Fac;ade System 
Table 26 
Figure 3 
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35000 
% of Glass 
Loads to the 
Window Solar & Tranmission Load (W) 
_ 30000 +-=:::----------­
� 25000 "'0 
� 20000 
--J 
iii 1 5000 






U & SC Values 
Window solar Loads(w) J . Window Transmlssion �) 
Page 45 





- 164000 -g 162000 
o 160000 
...J 1 58000 
tV 1 56000 
E 1 54000 Q; 1 52000 (5. 1 50000 
Window 
Thermal load total-24% (w) 





U-value U-value U-value U-value U-value U-value 
3 28, SC 3.28, SC 3 .28, SC 2 1 , SC 2. 1 , SC 2. 1 , SC value OAO value 0.35 value 0 30 value OAO value 0 35 value 0 30 





- 14000 -g 1 2000 
.3 10000 
tV 8000 
E 6000 '-Q) 4000 .r:. 2000 t-
o 
Window Solar & Transmiss ion Load (W) 
2 3 4 5 
U & SC Values 
6 
� 1 D Window solar load (w) I!I Window transmISSIon (w) 
Page 46 
East and West oriantation 
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55% Glass from the total Elevations area,Double Skin Fa�ade System 
Table 29 
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U & SC Values 
Comparison tables 
Table 31 
U-value 3.28, SC value 0.4 
U-value 3.28, SC value 0.35 
U-value 3.28, SC value 0.3 
U -value 2.1 ,  SC value 0.4 
U-value 2.1 , SC value 0.35 
U-value 2.1 ,  SC value 0.30 
Comparison table 
Table 32 
� U� SC'Values 
U-value 1 .4, SC value 0.4 
U-value 1 .4, SC value 0.35 
U-value 1 .4, SC value 0.30 
U-value 3.28, SC value 0.4 
U -value 3.28, SC value 0.35 
U-value 3.28, SC value 0.3 
U-value 2.1 , SC value 0.4 
U-value 2.1 ,  SC value 0.35 
U·�alue 2.1 , SC value 0.30 
1 94870 
1 9 1 682 
1 85596 
1 80223 
1 8001 4  




�ag�'----�------------______________ � ______ � ____________________ � __ 
1 8 1 666 
1 63306 1 76436 
1 6 1 86 1  1 72351 
1 5691 8  1 73565 
1 57258 2 1 1 407 1 69929 
1 55892 203995 1 66 1 27 
55% rGrass,.DSF ,E .. W 56% G". , N',S . 55% Glass ,J:� 
2 1 0664 
202955 
1 95 1 70 
1 97972 234464 
1 94870 226668 
1 91 682 2 1 9304 I 
1 85596 2 1 9625 
1 80223 2 1 1 407 






2 1 9000 
2 1 6000 
2 1 3000 




1j 201 000 
CG 1 98000 0 1 95000 ...J 
1 92000 
CG 1 89000 
E 1 86000 
'-
1 83000 Q) 
.c 1 80000 � 1 77000 
1 74000 








Thermal load comparission between d iffrent U & SC values 
. ; 




U-value 3 28. SC value U-value 3 28. SC value U-value 3 .28. SC value U-value 2 1 .  SC value U-value 2 1. SC value U-value 2 1 .  SC value 
o 4 0 35 0.3 0 4 0 35 0 30 
U & SC Values 
55% Glass , N , S  
. 24% Glass , N , S  
0 55% Glass , E , W I 






_ 2 1 5000 
3: 2 1 0000 --g 205000 
o 200000 
-= 1 95000 E 1 90000 
'- 1 85000 
� 1 80000 






Thermal  load com pa riss ion between d iffrent U & SC va l ues 










ft � li I'" 1--' 
I-.1 i" ��. I-� I  id c �  ff" -,--'-'---
U-va lue U-value U-value U-va lue U-value U-value U-value U-va lue U-va lue 
1 .4 ,  SC 1 .4 ,  SC 1 .4 ,  SC 3 .28 ,  3 .28 ,  
value value value SC SC 
0.4 0 .35  0 .30 value value 
0.4 0 .35 




0 .3  
2 . 1 ,  SC 2 . 1 ,  SC 2 . 1 ,  SC 
value value value 
0.4 0 . 35 0 . 30 
55%> Glass , DS F  , N , S I 
. 55%> Glass , DS F  , E ,W 
0 55% Glass , N , S  




TABLE 1 5 - S 0LAR HEAT G A I N  THRU ORDINARY GLASS (Contd) 
Btu/(hr) (sq ft sash area) 200 
20 N O RTH LATITUDE AM S U N T I M  E PM 20° SOUTH LATI T U D E  
Time of Year Exposure 6 7 8 9 1 0  I I  Noon I 2 3 4 5 6 Exposure Time of Year 
North 2 8  41  3 3  25 1 9  1 7  1 5 1 7  1 9  25 3 3  � 28 Sout h Northeast 8 1  � 1 44 1 22 8 3  38  1 5  1 4  1 4 1 4  1 2  9 3 Southe .. t 
East 8 1  f--Itr" I bO 1 11 96 4 '  1 4  1 4  1 4  � 12 9 3 Edst 
Southe ast 28 1>2 13 66 �� 2 1 1 4  1 4  1 4  1 4  1 2  9 3 Northeast 
J U N E  2 1  South 3 9 1 2  1 4  I i  1 4  1 4 I "  1 4 I � 1 2 9 ) Norlh DEC 22 
Sout hwest 3 9 12 1 4 1 1  1 4  1 "- 2 1  H be 7 3 62 28 Norlhwest West 3 9 1 2  1 4  1 4  4 1 4- " I  96 1 43 1 60 t-4-L 8 1  West Norfhwe<f 3 9 1 2  I �  I f  d 1 5  3 8  8 3  1 22 I "� � B South west Hor izonta l I I  ,,0 1 2 1  1 76 2 1 6  2 3 2  250 21i  2 1 6  1 7/) 1 2 1 60 I I  Horizont.1 
N orth 20 2 8  23 I i  I S  1 4  I .  I "  I S  7 23 28 20 South 
Norlhea st 7 1 1 3 2 1 38 I I I  73 3 1  I L 1 4  1 4  1 3  1 2  B j Sou theast 
JULY 23 East 7 5  1 48 1 63 1 4 5  99 46 1 "- 1 4  1 4 1 3 1 2 8 3 East JAN 2 1  
Southeast 3 1  70 85 79 I 5 7  29 1 4  I '  1 4  3 1 2 e J Northe. st & South J 6 1 2  1 3  , ' "  1 4  1 4 I "  1 4  I )  1 2  g 3 North & 
South",.st 3 8 1 2 I J 1 4  1 4  1 4- 29 57 79 85 70 ) I Northwest 
MAY 2 1  West ) 8 1 2 I )  1 4  I "  1 4 46 9'1 1 4 5 1 63 1 4B 75 West NOV 2 1  
Nort hwest 3 e 1 2 1 3  1 4  I "  f-7!+. 3 I 7 )  I I 1 3 8 1 3 2 7 1  Southwest Horilontal 8 55 1 1 8 l i5 2 1 6 HO 25 1 24-0 2 1 6  1 75 I E  55 8 Horizontal 
N orth 6 1 0 I I  1 3 1 4  I "  1 4  1 4  1 4  1 3  I I  1 0 I> South 
Northeast <5 I I I  � 8� 50 ' 8  4 I .  1 4  ) I I 7 2 Southea sf AUG 2 4  East 53 1 4 2  I b5 1 ,9 1 0c 5 I 1 4  1 <  1 4  1 3  I I  7 2 Eust FEB 20 
Sou thea,t 29 89 1 1 3 1 08 '1B 55 20 1 4- 1 4  1 3  I I  7 2 Northeost 
& South 2 7 I I  I q 20 24. 26 24 2C 1 4  1 \  7 2 North & 
Southwest ! 7 I I  I )  I "  I �  20 S5 98 l OS 1 1 3 89 79 Northwest 
APR 20 West 2 7 I , J 1 4  4 1 4  5 l ile 49 � 1 +2 5)  Wast OCT 23  North"".,t I 2 7 I 1 3  I '  1 -'- I "  I S SO 89 1 1 8 I I I 4S  Southwest Horizontal 5 4 g  1 07 67 2 C 7 3 <  247 7]�  2 ' 0 t7 1 0 ;  �8 S Horizontal 
N orth 0 6 I :  I !  � I � I 1 4  I � 4 I i  , 0 0 South Northeest 0 8} 8 7  5G 22 1 4 I I,  I "  4 I 1 3  I I  b a Southeast SEPT 22 East 0 1 30 i b3 14� Ie· 4 5  I "  1 4  4 '  I ;  , j  c C Eol! t.l,AR 22 
Southe� si 0 99 1 30 1 40 20 a4 4 5 1 1  1 1 I I • a N�rthee,t 
& South 0 a 12 3B  5� t- 3  65 63 52 )8 22 S c N orlh & 
Southwest G 0 I I  , ) 1 4  1 5 < 84 1 20 1 40 1 36 79 0 N orthwest 
MAR 2 2  West 0 6 I I  1 3  " 1 4  1 4  45 1 04 1 {9 I b) 1 )0 0 West SEPT 22 
N orthwesl C 6 I I  I )  1 4  1 4  1 4  1 4  22 59 87 8 3  0 Southwe st 
H or izontal 0 30 93 1 5 3 1 98 2 2 5  233  2 2 S  1 9 8  1 5) 93 30 0 H or izont. 1 
North 0 4 q i 1 3  1 4  1 4  , 4  1 3  1 2  q 4 G South 
Northeos! 0 4-"- 52 29 1 3  1 4  1 4  1 <  I )  1 2 q 4 0 Southea st 
OCT 23 East a 9'1 1 47 I "  , OC 49 1 4  1 4  1 3  1 2  9 4 0 Ea , t APR 20 
Southeast 0 9 1  1 4 6  1 60 ' 4� 1 1 9 74 27 1 3 1 2 9 l a N ortheast 
& South 0 2 1  SO i6 '1 3  1 06 I I I  1 06 9 3  7 6  50 2 1 0 North & 
Southwest 0 4 9 1 2  I l  2 7  74 1 1 9 1 49 1 60 1 46 9 1  0 Northwest 
FEB 20 West 0 4 9 1 2  1 3  1 4  1 4  49 1 00 1 4 1  1 4 7  99 0 West A U G  H 
Northwest 0 4 9 1 2  1 3  I f  1 4  1 4  I }  20 52 4 4  0 Southwe,t 
H or izont. 1 0 1 3  b8 1 2 7  1 7 1  1 9b 208 1 9 6  1 7 1  1 2 7  6& 1 8  a Horizonhl 
North 0 3 9 3 I j 1 3  J ) I f> 3 0 South 
Northea st 0 74 26 1 4  1 3  1 3  I J  1 3  1 3  I I  8 ) a Southeast 
NOV 2 1  Ed" 0 7 1  1 28 1 2 ' 9 1  43 1 3  I )  1 3 I I R ) 0 East MAY 2 1  
Southe." 0 73  1 44 1 64 , 5& 1 3 5 9 1  40 I b  I I  8 J 0 Nort�ea st 
& South 0 2 8 &q 1 00 1 2 3  1 3 6 1 4 1 1 3b 1 2 ) 1 00 69 28 0 North & 
Southwest 0 3 8 I I  1 6 I 46 9 1 1 ) 5 1 58 1 64 1 14 73 G Northw e,t 
JAN 2 1  West 0 3 8 I I  1 2  1 3 I )  LJ  9 1  1 2 7 1 2 8 7 1  0 West JUL  Y 2 3  
Northwed 0 3 8 I I  1 2  1 3  I J  1 3  I J 1 4  26 H 0 Southwest 
H orizontal 0 5 48 l e i  1 46 I i2 l ao 1 72 1 4 b 1 0 1 48 5 0 Horizontal 
North 0 2 7 I 1 I )  1 3  1 3  -. 1 \  7 2 0 Sou th L 
Northeast 0 I "  1 8  2 1 2 I )  I J 1 3  1 2  I I  7 2 0 Southeast 
E.st 0 56 l i B 1 2 1  85 J <  I )  1 3  1 2  I I  7 2 0 East 
Southeast 0 59 1 ) 9 rW- 1 59 1 14 97 be 20 1 \  7 2 0 Northe ast D EC 22 Sout h  0 25 H I I I  1 3 2 1 46 � 1 46 1 3 2 t i l  74 25 0 North JUNE 2 1  
Southwest 0 2 7 1 \  20 bO t---q] 1 3 4 1 59 t-rbf 1 )9 59 0 N orthwest 
West 0 2 7 I I  1 2 1 3  1 3  )4 8 5  1 2 1  1 1 8  56 0 West 
Northwest 0 2 7 1 \  1 2  I )  1 3 I )  1 2  1 2  1 8 1 4  0 Southwe st 
H orizonta l 0 4 36 '12 1 ) 5 1 6 1 1 70 1 0 1  1 3 5  92 36 4 0 H orizont. 1 




TABLE 1 5 - S0 LA R  H EA T  G A I N  THRU O R D I N AR Y  GLASS (Contd) 
Btu/(hr) (sq ft sash area) 30
0 
30 · NORTH LATITUDE AM S U N  T I M  E PM 30" SOUTH LA TlrUDE 
Time of Y . . r Expolure /, 7 8 9 1 0  I I Noon I 2 3 " 5 6 Elpo,ur. Time of Ye�r 
North 3 3  29 1 8 I �  I �  1 4  1 4  1 4  1 4  1 4  1 8  29 3 3  South 
Northeast , OS � 1 30 9 7 S5 1 9  1 4  1 4  1 4  4 1 2  1 0 5 Southea.t 
East 1 08 1 56 1 6 1  1 4 ) 98 �4 1 4 1 4 1 4  1 4  1 2 1 0  5 E.st 
�outhea.t 42 75 90 90 71 H 1 7  I �  1 4  1 4  1 2 1 0  5 Northe • •  t 
J U N E  2 1  South 5 1 0  1 2 1 4  I S  1 9  2 1  1 9 1 5  1 4  1 2 1 0 5 North DEC 22 
Southwe,t 5 1 0 1 2  1 4  1 4  1 4 1 7  H 7 )  90 90 75 4 2  Nort hwe,t 
West 5 0 1 2 4 1 4  1 4  1 4  44 98 1 4 3  1 6 1  � 1 08 West Northwe,t 5 1 0  I ,  14  I � 1 4 1-d4-- 1 9  S5 97 UO � 1 0 5  Southwest Horilont.1 1 °  0 1  I I I  I hO 2 1 7 240 150 2 40 2 1 7 1 8� 1 3 1  5 1  1 9  Horitonlal 
North 2 2  20 1 4  I )  1 4 1 4  1 4  1 4  I - 1 3  1 4  20 2 1  South 
North ... t 9 3  1 3 1  1 2 3  89 46 1 6 1 4  1 4  1 4  1 3 1 1  9 " Southe.,t 
JULY 23 E •• t 1 00 1 5 5 1 M  1 4 5 99 44 1 4  1 4  1 4  1 3  2 9 4 E ••  t JAN 2 1  
Southeast 42 B2 1 00 1 00 8) 53 2 2  1 4 1 4  1 3  1 2 9 4 North •••  t 
& South 4 9 1 2 1 4  20 2 7  30 n 20 1 4  1 2  9 -4 North & 
Souih"" •• t " 9 1 2 I ]  1 4 1 4  1 4  5 3  83 1 00 1 00 82 42 North"" •• t 
MAY 2 1  West 4 9 12 1 3  1 4  1 4  1 4  <4 99 1 4 5  1 64 1 5 5 ICO West NOV 2 1  
North ... . t 4 'I 1 2 1 3  1 4  1 4  1 4  1 6  46 89 1 2 3  1 3 1  9 3  Soui hwe.t 
Horilonlo l 1 5  66 1 2 3 76 2 1 4  1)6 246 2 36 2 1 4  1 76 1 2 3 06 1 5 Horizonta l  
North 6 8 I I  1 3  I l 1 4  1 4  1 4  1 3 I )  I I a 6 South 
Northeast SS 1 08 � 6& 27 1 4  1 4 1 ·1  I J 1 3  I I  e 2 Southea,t AUG 24 Earl 66 1 47 1 65 1 4& 1 0 2  4 6  1 4  1 4  1 3  I )  I I  5 1 E.,t FEB 20 
:'oulhea.t )7 98 127 129 ' I? 8? 39 I � 1 3 oJ I I  B l North •• d 
& South 2 8 I )  2 7  4 7  � 8  63 58 4 7 27 I )  B 2 North & 
South"".,t 2 a I I  1 3 1 3  1 5  j9 B2 1 1 2 1 29 1 2 7  9 8  3 7  Nort hwe.t 
APR 20 West 2 S " 1 3 1 3 I '  I �  46 1 02 I · g  � • 4 7 66 We.t OCT 23 Northwe' f 2 9 I I  1 3 1 3  ' 4  1 4 " 2 7  bb 00 1 08 55 South ... e.1 
Horilont61 1> 4 7  1 (, 7  1 6 1  200 2 2 5  2 3 5  2 2 5  I 200 I b !  1 0 7  47 6 Horitonl.1 
North 0 5 I "  1 2  j j  I �  1 4  4 1 3  1 2  0 � 0 South 
N orthe ast 0 ' 4  90 ,0 1 5 I '  I '  I 4 1 3  1 2  1 0  5 0 Soul-he •• t SEPT 22 Eest 0 1 24 1 58 1 .< 1 0) 4 8  1 4  1 4  1 3  1 2  1 0 5 0 Ea,t MAR 22  
Souihea<t 0 98 I I I  1 52 ' I  . I ) b ;  2 S  ) ' 2  I!)  5 0 N orth • • •  t 
& South 0 '1 8 CO 82 '1a 1 0 5  98 &2  60 1 8  Q 0 North & 
South",est 0 5 1 0  . 2  1 3  25 67  I I I 1 4 1  1 52 I )  98 0 North"'e.! 
MAR 22 Wert 0 S 1 0 2 ] 1 4  I �  ' S  LIJ3 1 44 1 58 1 24 0 West SEPT 2 2  
Northwest 0 5 1 0  1 2  1 3 1 4  1 4  1 4  1 5  40 90 74 0 Southwe.I 
Horilontal 0 2 S 8 1 1 3 5 1 79 202 2 1 2  202 1 79 1 35 B I 2 5  0 Ho:itonhl 
North 0 j S I I 1 2 1 3  1 4  I )  1 2  I '  8 ) 0 South 
Northe.st 0 ) 3  39 1 8 1 2  1 3  1 4  i )  1 2 " 8 1 0 Southe • •  t 
OCT 1 3  E.st 0 79 1 3 5  , 3 2  9 4  4 )  1 4  1 3 i 1 I I 8 ) 0 E.,t APR 20 
�outhea'f 0 73 1 4 2  r.!# 159 1 3 6  92 47 I �  I I  Po 3 I) North •• st & South 0 I S  57 92 1 2 1  1 )9 1 45 I ]q 2 1  92 57 1 8 a Nodh & 
Southwest 0 ) 8 " 1 5  4 7  n 1 36 1 59 lit 1 42 7 J  0 Nori hw ••  t 
FEB 20 Wut 0 ) 8 I I  1 2  I )  I '  4) 94 1 3 2 1 35 79 0 We ,t AUG 24 
Northwe.t 0 3 8 I I  1 2  1 3  1 4  I )  1 1  1 8  39 ) ) 0 South",.s! 
Horilontal 0 6 49 1 00  4 3  1 7 1  1 79 1 7 1  1 0  1 00 49 6 0 Horizonhl 
North 0 I 6 9 I I  1 2  1 2  1 2 I I 9 b I I 0 South 
North.ast 0 8 1 6  9 I I 2 1 2 1 2  I I  9 b I 0 Southea,t 
NOV 2 1  Ea .t 0 2 7  1 09  1 1 6 83 ) 5  1 2  1 2  I I  9 6 I 0 East MAY 2 1  
Southea.t 0 26 1 1 7  1 6 1  1 62 1 4 ) 1 01 64 2) 9 6 I 0 Northeast 
& South 0 1 0  6B 1 09 1 ) 7 54 1 59 I S4 ! i ?  1 09 b8 1 0  0 North & 
Southwest 0 I 6 9 2)  <>4 I C4 1 4 3  1 62 1 6 1  1 2 7 28 0 North"".st 
JAN 2 t  West 0 I b 9 I I  1 2  1 2  ) 5  8) 1 1 6 1 09 2 7  0 We.t J U l  Y 23 
North",est 0 I b 9 I I  i 1 1 2  1 2  I I 9 1 6 S 0 Southwest 
H",ilont.1 0 1 2 7  7 1 1 09 1 )6 1 15 1 30 1 09 7 1  2 7  2 0 Hor ilont . 1 
North 0 a 1 Q I I  1 2 1 2 1 1 I I  Q 4 0 0 South 
Northeast 0 0 0 q I 1 2  1 2 1 2 I I  q 4 a (I Southeast 
E .. t 0 0 92 I DS 80 n 1 2 1 2  I I  Q 4 0 0 Ea.t 
Southeast 0 0 1 1 4 1 57 162 lIT � 72 28 9 4 0 0 Northe • •  t 
DEC 22 South 0 0 b1 I I ) 1 42 1 59 1 63 1 59 1 42 1 1 3 61 a 0 North J U N E  2 1  
Southwest 0 0 4 9 28 72 � 1 4  J 1 62 1 57 1 1 4 0 0 North"".,t 
West 0 a 4 9 I I  1 2 1 2 1 2 80 lOS n 0 C West 
Northwest 0 0 4 9 I I  1 2  1 2  1 2 I I 9 1 0 0 0 Southwe.1 
Horilontal 0 0 1 9  60 9 7  1 22 1 3  I 1 22 9 7 be 1 9 0 0 Hor ilont. 1 
Steel Sash. or Altitude 
Dewpoint Dewpoint South lat. 
Sol .. G.in No Sash HOI. Decreas. From 67 F I nerease From 67 F Dee. or Jan. 
Correct ion X 1 /.85 or 1 . / 7  - l Si'. ( Mo.. ) + 0 7'}'. pcr 1 000 Ft + 7% per 10 F - 7"1. per 1 0 F + 7�o 
EXPOS U RE 
Norlheast 
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T A B LE 1 9 - E Q U I V ALENT T EMPERATURE DI F F ER E N C E  (DEG F)  
F O R  D A R K  C O L O R E D t. S U N LI T  A N D  S H A D E D  W A llS ' 
Based on Dark Colored Walls; 95 F db Outdoor Design Temp; Constant 80 F db Room Temp; 
20 deg F Doily Range; 24-hour Operation; J uly and 40° N. lot. t 
WEIGHT 
OF W A l l t  
(Ibis'! It) 
SUN TI M E  
-----------,---------------- -
A M  P M  
6 7 8j 9 10 1 I I  1 1 2  1 2 3 4 5 6 I 1 aT 9 10 I I  1 2  
60 f- l  - 2  - 2  5 24 22 20 1 5  1 0  1 1  1 2  1 3  1 4  1 3  i 2  1 1  1 0  8 6 100 4 3 4 4 4 1 0  1 6 1 5  1 4 1 2  10 1 1  1 2  1 2 1 2  1 1  10 9 8 
20 5 1 5  22 23 24 1 9 1 4 1 3  1 2  1 3  1 4  1 4 1 4 1 1 2 10 I 8 6 4 2 
_____ -+ __ 1 4_0 __ +_5+_5 __ 6-+' 6 6 1 6 � 6 10 1 4  1 6  1 4 1 2  10 10 1 0  10 10 1 1 0  1 0  20 1 1 7  301\ 33 36 35 1 32 20 12 13 14 14 1 41 1 2 10 8 6 I 4 I 2 o -2 - 3 1 - 4 - 2  4 2 1 0 - 1 7 6 6 5 5  9 9 8 7 7  
Eoo' 
Sovtheoo. 
60 f- l  - 1  0 2 1 30 3 1 3 1 1 9 1 1 4  1 3  1 2  1 3 1 1 4 1 3 1 2 1 1 10 8 5 
1 00 5 5 6 8 1 4  20 \24 25 24 20 11 1 8 1 1 6 1 4  14 1 4  1 3  I 1 2  1 1  1 0  
1 40 1 I 1 0  1 0  9 1 8 9 10 I 5 1 8 1 9 1 8  17 1 1 6 1 4  1 2  I 3 �1 4� 1 4 20 1 01 1 6i ' �3 \ 1 9 1 26 27 \28 26 24 1 ' 9 \ 1 6 1 1 5 1 1 4 1 1 2 1 1 0  I 8 \  6 4 2 60 1 3 1 20 1 24 28 26 1 25 2 1 1 8 1 5 1 1 4  1 3  1 2  1 1 1 0 8 6 100 7 6 6 1 1 1 6 1 7 \ 1 8 1 9 1 8 1 1 6 \ 1 4 1 3 1 2 1 1 1 0 1 1 0 10 1 40 9 8 8 8 8 7 6 1 1 . 1 4  1 5  1 6  1 8  1 6 1 5  1 4  1 3  1 1 2  1 2  1 2  
20 60 
o - 1 - 2 1 - 3 -3 4 3 1 1 0 9 8 7 7 6  1 3  1 3 1 2  1 2 1 2  0 1 - 1  - 1 1 - 2'-2 5 4 ' 3 3 \  2 9 9 "1 8 8 7 1 1  1 1  1 0  10 9 




6 7 1 8 9 1 01 1 1 1 I� I 2 ' 3 :  4 s ! 6 7 8 9 1  1 0  1 \  12 1 2 3 4 5 I-��--"--'---�-�---'-t__-----�-_.1..... -- - - -- - --
A M  P M  A M  
----- --- - - ------ ---------� -













TABLE 2 0 - E Q UIVALENT TEM PERATURE D I F F ERENCE (DEG F) 
F O R  DARK COl O R E D t, SUNLIT AND S H A DED ROOFS'  
Based on 95 F db Ouldoor Design Tempi Constant 80 F db Room Tempi 20 deg F Daily Range; 




(lb/sq ttl 6 7 I 














6 10  
A M  
SUN TIME 
E�"o"on. tieat Gain Thru Rooh, Bt�/hr = (Area. 'q h I  (equivalent temp d,(1)  X (Ironsml"io" coefflCi�n' U, Tobie, 27 or 28)  
' W ith alii, ventilated a nd (eiling ;",,,Ioted roof., reduce equlvolenl temp dlff 25%. 
For p e a k e d  roof •. use I�e ,oar a r e a  prolected 0 0  Q nomonlc' plane. 
fCf other condllions, refer 10 correctloos below and on page 64. 




















TABLE 2 0A - CO R R ECTIONS TO EQUIVALENT TEMPERATURES (DEG F) 
DAll Y RANGE (dag F) 
- 39 1 - 40 1 - 41 
- 42 ' -43 1 - "4 \' - 45 1 - 46 1 - 47 I - 48 1 - 49 I - SO I - 5 1 I - 52 I - 53 - 54 I - 55 - 29 - 30 1 - 31 - 32 - 33 -3� - 35 - 36 - 37 - 38 - 39 -�O - 4 1  1 - 42
1
- 43 - 4.4 i - 45 
- 19 1 - 20 -2 1  - 22 - 23
1
- H - 25 . - 26 1 - 27 - 28 - 29 - 30 1 - 3 1  - 32 -33 - 34 - 35 
- 9 1  - 1 0  - 1 1  I - 1 2  - 1 3 - 1 4 , - 1 5 1 - 16 1 - 17u_ - 18 1 - 1 9
, 
- 20 -2 1 - 22 1 - 23 - 24 1 - 25 
-" \ - 5 1 - 6 - 7 ! - 8  \ -9 1 - 1 0 - 1 1  �13 1 - 1 4 - 1 5 - 1 6 ! - 17 - 1 8 ! - 1 9 - 20 1 0 - I i -2 1 - 3 - .(  -5 - 6  - 7 , - 8  - 9 . - 10 \ - 1 1  - 1 2 1 - 1 3 - U  - 1 5  
6 5 \ 4 1  3 2 1 I .  0 \ - l
j
- 2 - 3 1 - 4 \ - 5 - 6 1 - 7 - 6 ' - 9 1 - 10 
1 1  I 1 0  9 1 8 1  7 6 5 ' .( 3 I 2 i 1 ; 0 - 1  \ - 2 I -3 \ - 4  -5 
1 6  \ 1 5 1 1 4 1 1 3 \ 1 2  I 1 1  I 1 0  \ 9 I 8 I 7 6 1 5 I .4 3 2 1 0 2 1  20 1 9 1 8  1 7 1 16 1 5 1 4 \ 1 3  1 2 \ 1 1 1 0  9 I 8 7 I 6 I 5 26 25 
I 
24 23 1 22 21 20 I 1 9  1 8  1 17 16 I 1 5  I 
1 4  13 I 1 2  1 1  I 1 0 
3 1  30 29 \ 28 27 26 : 25 24 23 22 21 20 1 9 I 1 8  17 16 1 1 5 
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TABLE 2 1 -TR ANSMISSION COEFFICIENT U - MASONRY WALLS * 
fOR S U M M E R  AND WINTE R 
Btu/(hr} (sq ft) (deg F temp diff) 
All numbers In parentheses indicate weight per sq ft. Tolal weight per sq h is sum of wall and finishes. 
INTERIOR FINISH 
I ¥an ! Va' Inovlating TH ICK - Gypsum ¥a" Metal Gypsum or Board NESS None Board Plaster Lath Wood Lath Plain or ( inches) (Piaster o n  Wall Plastered Plastered Plastered 
and Board) on Furring a n  Furring on Furring 
E X T E RI O R  FINISH WE IGHT (2) I 
( Ib per Sand It Wt %" l;'" \oSN I II Yl " Yl" 1 I " sq h) Agg I Agg Sand Lt WI Sand LI WI Baord I Board (6) I (3) Pla,ler(T) Pla,ted3) Pla,ler(7) .Plasler(2) (2) (4) , 
SOLID BRICK 
Face & 8 (87) .48 A I  .45 .4 1 .3 1 .28 .29 .27 .22 . 1 6  
� Common 1 2  ( 1 23 )  .35 .3 1 .33 .30 .25 .23 .23 .22  . 1 9  . 1 4  J 6 1 / 73)  .27  .25  .26 .25 .2 1 . 1 9  .20 . 1 9  . 1 6  . 1 3  Common 8 (80) . 4 1  .36 .39 .35 .28 .26 .26 .25 .2 1 . 1 5  Only , 1 2 ( 1 20) . 3  J .28 .30 .27 .23 .22 .22 .2 1 . 1 8  . 1 4  
, 1 6  ( 1 60) .25 .23 .24 .23 .J 9 . I S  . 1 8  . 1  e . 1 6  . 1 2  
I 
STONE I I 9 8 1 1 00 )  .67 I .55 .63 .53 .39 .3� .35 .32 I .26 . 1 8  J 2  ( 1 50)  .55  I .47 .52 .46 .3 4 . 3 1  I .3 1 .29 .24 . 1 7  J 6  (200) .47 1 . 4 1  . 4 5  .40 .3 1 .28 I .18 .27 I .22 . 1 6  2 4  (300) .36 .32 .35 .32 I .26 .24 I 24 .13 . 1 9  . 1 5  ' . I I I I 
A D OBE· BlOC K S  8 (26) .34 I .30 .32 .30 \ .25
 .23 .23 .22 1 8  . 1 2  
O R  BRICK 12 (40) .25 I .23  .24 .23 .20 . 1 8 . 1 8  . 1 8  . 1 5 . 1 4  
POURED I 6 (70) .75 I .55 .69 .58 I .� 1 .36 .37 .34 .27 . 1 8  CONCRE TE 1 40 Ib 'c u ft 8 (9 3 )  .67 .H .63 .53 .39 .34 .35 .32  .26 . 1 7  
1 0  ( 1 1 7 )  .6 1 .44 .57 .49 .36 .32 .33 .31  .25 . 1 7  
1 2 ( 1 40)  .55 .AO .52 .AS .34 .3 1 .3 1 .29 .24 . J 6  
6 (40) . 3 1  .28 .30 .27 I .23 . 2 1  . 2 2  .2 1 . 1 8  . 1 4  �::': ' . . p, I .0 lbi<u It 8 (53)  .25 .23 .24 .23 . 1 9  . 1 8  . 1 8  . 1 8  . 1 6  . 1 2  . : " . . " . .. . ' . ' . . . . ' ", : . . . 1 0  (66) . 2 1  . 1 9  .20 . 1 9  . 1 7  . 1 6  . 1 5  . 1 4  . 1 4  . J l . . ,' . , , . " . 1 2  (80) . 1 8  . 1 7  . 1 7  . 1 5  . 1 5  . 1 4  . 1 4  . 1 4  . 1 2 . 1 0  . . . . .. .  �V 6 ( 1 5) . 1 3  . 1 3  . 1 3  . 1 3  . 1 2 . 1 1 1 . 1 1  . 1 1  . 1 3  .09 
8 (20) . 1 0  . 1 0  . 1 0  . 1 0  .09 .09 I .09 .09 . 1 0  .07 3 0 lb cu II 10 (25) .08 .08 .08 .08 .08 .07 .08 .07 .08 .06 1 2  (30) .07 .07 .07 07 .07 .07 .06 .06 .07 .06 
HOLL O W  Sand & 8 (43 ) .52 I .44 .48 .43 .33 .29 .30 .28 I . 23  . 1 7  CONCRETE Gravel Ag9 J 2 (63) .47 I .A I  ,45 .40 .3 1 .28 .28 .27 ! .22 . 1 6  
BLOCKS t 
g 8 (37 ) .39 .35 .37 .34 .27 .25 . 25  .24 .20 . 1 5 Cinder Agg 1 2  (53 )  .36 .33 .35 .32 .26 .24 .23 .23 . 1 9  . 1 5  , 8 ( 3 2 )  . 3 5  .32 .34 .3 1 .26 .23 .24 .22 . 1 9  . 1 5  L t  W t  A g g  1 1 2  (43)  .32 .29 .3 1 .28 I .24 .22 .22 .2 1 I . 1 8  . 1 4  
STUCCO O N  I 8 (39) .36 .32 .34 .32 I .26 .24 .24 .23 . 1 9  . 1 5  HOLLOW C L A Y  TILE  I 10 (44) .32 .29 .3 1 .28 .23 .22 .22 . 2 1  . 1 8  . 1 4  
J 2  (49) .29 .27 .28 .26 .22 .20 . 2 1  .20 . 1 7  . 1 3  











4" & 6� 
(39) (58)  
@J . . !  . � .. ,.. , 













8' Slone (lOO) 
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TABLE 2 2 - TRANSMISSION COEFFICIENT U - MASO NRY VENEER WAllS " 
F O R  S U M M E R  AND WINTER 
Btu/(hr) (sq ft) (deg F temp diff) 
All numbel"1 in parentheses indkote weight per sq ft. Total weight per .q ft is .um of wall and fInishes. 
THICK- Gyp,um 
N ESS None Boord 
( lnche1)  (Plaster 
and Board) 
BA CKING W E IGHT (2) 
I ( l b  per I sq It) I 
Concrele 4 (20) .4 1 .37 
Block 8 (37) .33 .30 
(Cinder AIIII) 1 2  (53) . 3 1  .29 
4 ( l 7 1  .35 .32 (ll WI AilS ) 8 (32) .30 .28 
1 2  (43) .28 , .26 
(Sand 4 ( 231  .49 .U ! & Gravel 8 (43)  . 4 1  .37 
I Agel 1 2  (63) .38 .35 
Hollow I 4 1 1 6 1  . 4 1  .37 I Clay Tile 8 (30) . 3 1  .29 1 2  (�OJ .26 .25 I 
ConC'rc!e 4 (26) .35 . 3 1  I ill WI Agg) I 6 (40: .27 .25 I 80 Ib/clI ft 8 (54) .22 .21 , I I ( S a n d  &. Gravtl I .. (47)  .60 I .53 
A1l9) 
I 
6 (70) .55 .49 
8 (95! .5 1  .45 
I Common Brick I .. (40) .49 .4 2 
e (801 .35 . 3 1  
C o n crete Block 4 (20) .36 .33 
(Cinder ASS) 8 (37)  .29 .28 
1 2  (53)  .28 I .26 
4 ( l l) .32 .29 
(LI WI A9II) 8 (321 .27 .26 
I 1 2  (431  .25 .24 (Sond & 0( (23) .42 .38 I Gravel AilS) 8 (43)  .36 .33 I 1 2  (63) .34 1 .32 I 
Hollow Ooy 4 (J 6)  .36 I .33 Tile , 8 (30) .28 .27 I 
I, 1 2  (40) .24 .23 I I Concrete 0( (26) .32 .29 I ) (LI WI A9a! I 6 (40) .25 .23 I .0 Ib/cu ft 8 (54) . 2 1  .20 I (Sand & I 4 (47) .SO .45 I l Gravel AS9) I 6 (70) .47 I .42 8 (95) .43 I .40 










.34 .3 1 
.29 .27 
.27 .25 





.25 .H I I .34 . 3 1  
.27 .25 I .22 .2 1  
! .56 .49 .52 .45 
.48 ..42 I 
.46 . 4 1  
.34 .31 
.35 .32 
.29 .26 1 .27 .25 
.30 .28 I .26 .25 
.25 .23 I 





.30 .28 I .25 23 .20 . 1 9 
.48 .42 \ .44 .39 . 4 1 .37 
.40 .36 
.30 .28 
INTE RIOR FINI S H  
11" 
Metal Gypsum or 
loth Wood loth 
Plaster.d I Plastered on Furring on Furring 
















. 2 1  

















. 1 9  
.23 
.20 






l' WI I Sand Lt Wt Plosler(3) Ploster(7) Plasler(2) 
.26 .26 .25 
.22 .23 . 2 1  
.2 1 .22 .21 
.23 .24 .12 
.21  . 2 1  .20 
.20 .20 . 1 9  
.29 I .29 .27 .26 .26 .25 
.25 .25 .24 
.26 I .26 .25 .21 .22 .21  . 1 9  . 1 9  . 1 8 i 
.23 .24  .22 
.20 1 .20 1 9  
. 1 7  I . 1 7  . 1 6  
.32 .33 .3 1  
.3 1 .32 .29 
.29 .30 .28 
.29 I .29 .27 
.23 .24 .22 -
.24 24 .23 
. 2 1  .21 .20 
.20 .20 . 1 9  
.22 I .22 .2 1 .20 .20 . 1 9  
. 1 9  . 1 9 . 1 8  
.26 .27 .25 
.24 .24 .23 
.23 .23 .22 
.24 I .24 .23 .20 .20 . 1 9  . 1 8  . 1  e . 1 7  
.22 .22 .2 1 
. 1 8  . 1 9 . 1 8  
. 1 6  . 1 6  . 1 6  
.29 .30 .28 
.28 .29 .27 
.27 .28 .26 
.26 I .27 .26 



















'h "  I I "  
Soard i 800rd (2) (.() 
. 2 1  . 1 6  
. 1 8  . 1 4 
. 1 8 . 1 4  
. 1 9  . 1 5  
. 1 7  . 1 4  
. 1 7  . 1 3  
.22 . 1 7  
. 2 1  . 1 6  
.20 . 1 5 
.2 1  . 16  
. 1 8  . 1 4  
. 1 6 . 1 3  
. 1 9  . I S  
. 1 6  . 1 3  
. 1 4  . 1 2  
.25 . 1 8  
.24 . 1 7 
.23 . 1 7 
.22 . 1 6 
. 1 9  . 1 5  
. 1 9  . 1 5 
. 1 7  . 1 ' 
. 1 7  . 1 3  
. 1 8  . 1 4  
. 1 7  . 1 3  
. i 6  . 1 3  
.2 1 . 1 6  
. 1 9  . 1 5  
. 1 9  . 1 5  
. 1 9  . 1 5  
. 1 7 . 1 3  
. 1 5  . 1 2  
. 1 8  . 1 4  
. 1 5 . 1 3  
.U . 1 1 
.23 .17 
.22 . 1 7 
.2 1 . 16  
.2 1  . 16  
. 1 8  . 1 4 
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TABLE 2 3 - TRANSMISSION COEFFICIENT U - LlGHT CO NSTRUCTION, I NDUSTRIAL WAlLS *t 
FOR S U M M E R  AND WINTE R  
Btv/(hrl (sq ttl (deg F temp diff) 
All numbers in parenlne .... indicate weight per ''I ft. Total weight per ''1 11 is  .um of wall and finishes. 
Equation" Heat Gain, 8tu/hr = (Areo" q I1l X (U voluel X (equivalent temp diff, Table 1 9). 
Heat loss, Btu/tv = (A.reo, .q 11) X (U value) X (ovtdoor temp - ,n,ide lemp). 
-f()( oddihan of air space> and inwlation to wali" refer to Table 31, pog6 75. 
tVolu�. apply whe� .ea"':! w,th (olklng compound between .heets, and of �round ana roof line •. When ,hee" are nol .ealeci, increa,e U fO<1of< by 1 0% 
rn� value. mey be u.ed for roofs, heol I10w \Ip.winter; 10< heat Row down-summer, multiply above facton by 0.8 
TABLE 2 4 - TRANSMISSION COEFFICIENT U - Ll GHTWEIGHT, PREFABRICATED CURTAIN TYPE WALLS* 
F O R  S U M M E R  AND WINTER 
Btu/(hrJ (sq tt) (deg F temp diff) 
All numbe .. in parentheses indicate weighl per sq ft. TOlal weigh! per ''1 It i • •  um of wall and Ijnhne •. 
INSULA nNG C O il E  
M A T E R I A L  
(i l o  . .  , Wood, Co"on Fib ... 
'aper H o neycomb 
'ap" Ho neycomb wllh p.,lIle Fill,  Foamglas 
Fibtrbe arcl 
Wood Shredd.d (Cem en'ed in Preformed Slab.) 










1 5  






M E T A L  FAONG (3 )  
M E T A L  F A CING WITH 
Y4" AIR �PACE (3) 








. 5 1  
.58 
.69 
. 1 7  
. 2 1  







. 1 2  
.09 
. 1 1  
.09 
. 1 0  
. U  
. 1 7  
.20 
.26 
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TABLE 2 7 - TRANSMISSION COEFFICIENT U - FlAT ROOFS COVERED WITH BUILT-UP ROOFING * 
FOR H E A. T  f l O W  DOWN-SUM MER. FOR HEAT flOW UP-WINTER (See E quati on at BoUom of Page). 
Btu/(hr) (sq ttl (deg F temp diff) 
All numbers In parentheses indicate weight per sq fl. Total weight per sq ft is sum of roof, fini.h and insulation. 
THICK-
NESS 
OF INSULA. TtON ON TOP OF DECK, INCHES 
TYPE O F  DECK 
Flat Melal �T� 
�'�:;'; """ &1.1/IIG 
Preformed S lab,- W o od 
Fiber and Cement Bi nder �TI� 
' C4ST lU � SIIP_-Cf\l,.lJi(j 
Concrete 
(San d & Gravel A99) 
--
(ll Wt Ass on 
Gypsum Board) 
� �I";; - -/' �; ;.. �r ��: , - " . � ,, " f'''; Q .  0 � cJl(l'l c O!' -=- C E iliNG 
Gyp,um Slob on lh "  
Gyp,um Boord 
ROOFING 
l' \I" ; ,0.,,0 f\.,stl' 












2 (4 ) 
3 (7)  
I 





3 ( 1 3 ) 
4 ( 1 6 ) 
I 
2 ( 1 1 1  
3 ( J  5 )  
I 
4 ( l 9 )  
I (3 )  






None Of Plaster (6) .67 
Suspended Plaster (5) .32 
Suspended Arou Tile (1) .23 
None or Piaster (6) .20 
Suspended Plaster (5) . 1 5  
Suspended Acou Tile (2) . 1 3  
None or Plaster (6) . 1 4  
Suspended Plaster (5)  . 1 2  I Suspended Acou Tile (2) . 1 0  
None or Plaster (6) .51  I Suspended Plaster (5) .28 
Suspended Acou Tile(2) .2 1 
: 
None Of Ploster (6) .27 
I Suspended Plaster (5)  . 1 8 
I Suspended Aceu Tile (2) . 1 5  
None or Plaster (6) .2 1 
Suspended Piaster (5) . 1 5  
Suspended Aceu Tile (2)  . 1 3 
None or Plaster (6) . 1 7  
Suspended Plasler (5 )  . 1 3  
I Suspended Acou Tile(2) . 1 2  
None or Plaster (6) .32 
Su.pended Plaster (5)  .21  I Suspended Acou Tile (2) . 1 7  
None a r  Pla.ter (6) .27 
Suspended Plaster (5)  . 1 9  
Suspended Acou Ti le (2 ) . 1 5  
None or Piaster (61 .23 
Suspended Plaller (5) . 1 7  I Suspended Acou Tile (2) . 1 4  
None or Plaster (6) .40 
Suspended Plaster (5) .24 
Suspended Acou Tile ( 1 )  . 1 9  
None or Plaster (6) .28 
Suspended Piaster (5) . 1 9  
Suspended Acou Tile (2) . 1 6  
None o r  Plaster (6)  .2 1 
Suspended Plaster (5)  . 1 6  
Suspended Acou Tile (1) . 1 3  
! lh 1 1 112 2 1 2 1fJ  
(f) (I) (2) (3) I (3) I 
.35 .23 . 1 8 . 1 5  . 1 2  
.22 . 1 7  . 1 4  . 1 2  . 1 0  
. 1 8  . 1 4  . 1 2 . 1 1 .09 
. 1 6  . 1 3  . 1 1 . 1 0  .09 
. 1 2  . 1 1 .09 .08 .08 
. 1 0  .09 .08 .08 .07 
. 1 1 . 1 0  .09 .08 .08 
. 1 0  I .09 .07 .07 .06 
.09 I .08 .07 I .07 .06 
.30 ! .2 1  I . 1 6  . 1 4  . 1 2  .20 . 1 6  . 1 3  . 1 2  . 1 0  
. 1 6  . 1 3  . 1 1  . 1 0  .09 
- I 
.20 . 1 5  \ . 1 3  . 1 1 I . 1 0  . 1 4  . 1 2  . 1 0  .09 .09 
. 1 2 . 1 1 .09 .08 .08 
. 1 6  . 1 3  . 1 1 . 1 0  .09 
. 1 2  . 1 1 .09 .08 .08 
. 1 1 . 1 0  .08 .08 .07 
. 1 4  . 1 1 . 1 0  I .09 .OB 
. 1 1 I . 1 0  .08 .08 .07 . 1 0  .09 .07 .07 , .06 
.22 . 1 7  . 1 4  . 1 2  . 1 0  
. 1 7  i . 1 3  .i l . 1 0  .09 . 1 3  . 1 2  . 1 0  .09 .08 
. 1 9 . 1 5  . 1 3  . 1 1 . 1 0  
. 1 5 . 1 3  . 1 1 I . 1 0  .09 . 1 2  . 1 1 .09 I .08 .06 
. 1 7  . 1 4 . 1 2  I . 1 0  .09 . 1 3  . 1 2  . 1 0  .09 .OB . 1 2  . 1 1  .09 .08 I .08 
.26 . 1 9  . 1 5  I . 1 3  . 1 1 . 1 8  . 1 4  . 1 2  . 1 1 .09 
. 1 5  . 1 3  . 1 1  . 1 0  .08 
.20 . 1 6  I . 1 3  . 1 1 . 1 0  . 1 5  . 1 3  . 1 1 . 1 0  .09 . 1 3  . 1 1 . 1 0  .09 .08 
. 1 6  . 1 3  . 1 1  . 1 0  .09 
. 1 3 . 1 1 .09 .09 .08 
. 1 1 . 1 0  .09 .oe .07 
I 3 
(4) 







































TA BLE 2 8 -TRANSM I S S I O N  COEFFIC I ENT U - PITCHED R O O F S "  
F O R  H E A T  f l O W  DOWN - S U M MER. f O R  H E A T  F L O W  U P - WINTER (See Equation a t  BaHam o f  P a ge) 
Btu/(hr) (sq ft projected oreal (deg F temp diff) 
All numbers in pore.ntnesel indicate weight per sq ft. Total weight per sq ft is wm of component materials. 
PIT C H E D  R O OFS CEILING 
� I I 'I,' Gypsum Insulating EXTERIOR Metal or Board Plain or �,�,' . �. I lath Wood lath !h" Sand Agg Plastered Pla st.red Pla.ter� None Gypsum �.., Soord I ¥/" y." 'fl" 'fl "  CEILING Wood (Pla.,er Sand Lt W t  Sand lt Wt !h' I "  Panel 1 Board) Plaster PIaster Plaster Plaster Soard Boord 
UTEIUOR S U R F A C E  S H E A T HING (2) (2) (7) (3) (5) (2) (2) (4) 
Bldg paper on lI." 
A.phalt plywood (2) . 5 1  .27 .30 .32 .29 .29 .28 .22 . 1 7 I Shlnilles, (2) 
Bldg paper an 'y". 
1 wood sheathing (3)  .30 .23 .26 I .27 .25 .25 .24 I .20 . 1 6 
A.It,,'ot-Cement aldg paper on lI." I Shln"I •• (3) plywood (2) .59 .28 .34 .37 .33 .33 .3 1 .25 . 1 8 
or 
A spha lt Roll  Bld g pa p.r on '¥an 
Roafl n g  ( 1 )  wood shealhing (3)  .45 . 25 .29 . 3 1  . 28 .28 .27 .22 . 1 7  
Siale. (I) I B ld g pop"r on �H .64 .29 .36 I Til. ( 1 0) L plywood (2) .38 .34 .35 .47 1 .26 . 1 9  or 
Bldg paper on >y,,' I I Sh •• t Mlttol ( I )  
wood sheathing ( 3 )  .48 .25 .29 . 3 1 .28 .28 .27 I .22 . 1 7  
Bldg pop., on I 
I "  x J.H strip. ( 1 )  .53 .26 .3 1  .33 .30 .30 .28 .23 . 1 7  





!h "  % 1.1  
Tile Tile 
(2) I3J 
.23 .2 1 





.24 .2 1 
.2 1 . 1 9  
I . 1 9 . 1 7  
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T A B L E  2 9 - T R ANSMISS I O N  C O E F F I C I E N T  U - CE I L I NG AND F L O O R ,  (H eat F l o w  Up) 
Based on Still Air Both Sides, Btu/(hr) (sq ft) (deg F temp diff) 
All numbers i n  parentheses indicote weight per  sq h. Totol weight per sq f l  i l  sum of ceiling and floor. 
THICK­
NESS 
( inch .. ) 
None 
MASONRY CEILING 





flOOR -�--CONCRfTE SU8flOOR ' 
and 
WEIGHT 













I 1 ( 1 9) � (39) 
Sand A99 I 6 (59) 
8 (79) 
1 1 0  (99) 
It Wt AlIg I 2 ( l S )  8 0  Ib/ll' 4 (28) 6 (4 1 )  
2 (20) 
" (40 ) 









.53 I .38 .31 1 .43 .38 ." .4 1 .26 . 1 9  t .49 .36 .30 . 4 1  .36 4 1  3 8  . 2 5  . 1 8  . U  .3' . 2 8  3 8  .34 .39 .36 . 1 4  . 1 8  
.42 .32 .27 .36 .32 .37 H .23 . 1 7  
. 3 9  I .31  � .34 .3 1 .35 .32 .23 . 1 7  .39 .3 1 .;� I .34 .31 .35 .� -:u --:-, 7 -
.30 .25 .22 .27 .25 .27 .26 . 1 9  . 1 5  
.24 I . 2 1  �_._22 .21 � .2� I . 1 7  . 1 3  T .39 .30 .:� I .33 .30 .33 .4 01 .22 . 1 7  .36 . 2 9  .25 .3 1 .28 .32 .38 .22 . 1 6  
.34 .28 .24 .30 .27 .30 .36 .2 1 . 1 6  
.28 .24 
.26 .23 
I 2 S  .22 .24 .2 1 
I :�� - :�: 
.20 . 1 8  
.23 .20 
.22 .20 
.22 . 1 9  
Wood Block 
on Slob htwt Agg 
80 Ib/ftl 
8 (80) 
10 ( 1 00)  
2 ( 1 6)  









.36 . 3 1  
.28 .25 
.26 .23 .28 .26 .29 
.25 .22 .27 .25 -t .27 
.25 .22 .27 .25 .27 





. 2 1  
.20 
. 1 9  
. 1 5  . 2 1  . 1 9  
. 1 5 .20 . 1 8  ---- J . 1 7  . 1 5  1 9  
. 1 7  
. 1 5  
. 1 8  
. 1 8  
. 1 7  
. 1 7  
. 1 6  
. 1 6  
. 1 4  
. 1 3  
. 1 5  .20- . 1 8  
. 1  J 
. 1 2  
. 1 7  
1 5  
. 1 8  
. 1 8  
. 1 8  
. 1 7  
. 1 7  
. 1 6  
. 1 4  
. 1 7  
. 1 7  
. 1 6  
. 1 6  
. 1 5  
. 1 5  
. 1 4  
. 1 2  
. 1 5  
. 1 5  
. 1 4  
. 1 �  
. 1 4  
. 1  � 
. 1 2  
. 1 1 




lJ W, Agg 
on i 80 Ib/fll 
2" x 2" Sloe� __ 







10 ( 1 02) 
� .2 1  
.32 .28 
.31  .27 
.29 .26 
.28 . 2 5  
.27 
2(m .27 I 
.2 . 
� -:2 . 
.20 
. 1 1  
" ( 3 1 1  22 
6 (44) . 1 9  
- 2 (24) .26 .23 
4 (H) . 2 5  . 2 2  
I 6 ( 6 4 )  .H . 2 1  
8 (84 )  . 2 3  . 2 1  
. 1 8  . 1 6  . 1 9  . 1 8  
.23 .2 1 . 3 1  .28 
.23 .20 .30 .27 
.21 1 9  .28 .26 
.2 1 . 1 9  .27 .15 
.20 . 1 8  .26 .24 
.20 .1  a -�u ---:24 
. 1 7  . 1 6  .22 .20 t·�� - ::: 1-4�-� :�� . 1 9  . 1 7  .24 .22 . 1 9  . 1 7  I .23 . 2 1  
. 1 7  . 1 6  . 2 1  .20 








. 1 9  












. 1 8  
. 1 4  
. 1 4  
. 1 4  
. 1 3  
. 1 3  
. 1 3  
. 1 2  
. 1 1 
. 1 7  
. 1 5 
. 1 3  
'%tN Subfloor 
on 
2" lr. 2" St •• pert 




8 . 1 6  .22 . 2 1  
. 1 7  . 1 6  -.2-1-- -:ZO 
2' 
2 3  
.22 
. 2 1  
. 2 1  
. 1 6  
. 1 6  
.1 5 
. 1 5  
. 1 4  
.22 --.2 -1 . 1 4  
. 1 3  
. 1 3  
. 1 2  
. 1 2  
. 1 2  
. 1 2  
. 1 1 
.099 
. 1 6  
. 1 6  
. 1 6  
. 1 5  
. l 5  
. 1 5  
. 1 3  
. 1 2  
60 1b/fl' 4 (33 '  1 9  . 1 7  . 1 5  . 1  � . 1 8  . 1 7  . 1 8  1 8  . 1 3  
F LOOR 
6 (46)  I �  . 1 5  . 1 4  . 1 3  . 1 6  . 1 5  . 1 6  . 1 6  . 1 2  
FR A ME COHSTRUCTION CEILING r - -��-�---� HOI
.
!"�.d __ __ __ Suspended
_ 
or F ur�ed__ _ 
I - l I '/a" Gyp.um 'I Insulaling TAcou,tlcal Til. Acoustical Mdo' ! or Board Plain or I on Funing I Tile lath �OOd lath Y," Sand AlIg or Glued Pla ,I.red P la,fered i Pla.lered 'Is" Gyp.um N"ne --- -.L- v.�. - :y." y," �' � � . - -y, .  '/c" , Sand I II Wt I Sand U WI �. \ 1 " I ',1, "  'Is" 
___ Tifft Tile Plaster I P1o",er Plaster Plaster I Soord Boord J Tile Tile -. SUBFLOOR ( l J  ( I )  (7)  (3)  (5)  (2)  (2)  (4)  ( I )  I ( 1 )  
None l 
- VC ... amlc Tile 




.74 .59 .61 .54 .37 24 I .39 .3 1 
'%," Wood ( 2 )  .45 .30 .26 . 3 1  .28 I .29 .27 I .n . 1 7  � .23 .20 2" Wood (5 )  .27 .20 . 1 8  .22 .20 .20 . 1 9--1 . 1 7  . 1 4  . 1 7  . 1 5  
,%,"  W oo d  (2 1 ) �38=r .2 1  -:1'9 --:18 .26i .26 .2 ' .2'0 . 1-6 - .2 1- ."'9 
2" Wood (24) .2 4  . 1 9  . 1 7  .20 . 1 9  . 1 9  . 1 8 . 1 6  . 1 3  . 1 6  . 1 5  
'rx," Wood ( 5 )  .33 .2 4  .2 1 I .25 .23 .23 . 2 2  1 . 1 8  ��- . 1 9  -� or Liftol.um o n  ¥OR Plywood �fto leum o" 
y." Hardboard on 
¥I" In,ulalin9 Board 
2" Wood (7) .2 2  . 1 7 . 1 6  . 1 8  . 1 7  . 1 7  . 1 7  . 1 5  . 1 2  . 1 5  . 1 4  .... - ----t-- � - -- - -
,%," Woad (5 )  .28 I . 2 1  . 1 9  .22 .20 . 2 1  .20 . 1 7  . 1 4  . 1 8  . 1 6  I 
I 
2" Wood (8)  .20 . 1 6  . 1 5  . 1 7  . 1 6  . 1 6  . 1 6  . 1 4  . 1 2  . 1 4  . 1 3  
1 958 ASHAf GUld. 
Equoharu, Heat /-to", up, Unconditioned .pace below, Heal Gain, Btu/fir = (Area, .q h) X (U value) X (ouldoor lemp - in,ide lemp - 5 F). 
I(jlch�n or boi ler room below: Heot Ga,n. 8lu/hr = (Areo, .q h) X (U value) 
X (a<Nol temp diff, 0< ouldoor lemp - inside lemp + 1 5  F 10 25 f), 
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TABLE 30- TRANSMISSION COEFFICIENT U - C E I L I N G  AND FLOOR, (Heat Flow Down) 
Based on Sti l l  Air Both Sides, Btu/(hr) (sq ft) (deg F temp diff) 
AU numbers In porenthe1es indicate weIght pet' sq ft Totol weight per sq ft IS sum of ceiling and floor 









Suspended or furred 
Y," Gypsum Insulating 
ar Board Plain or 
�'�� I 




None I Tile 
or Glued 
'h" 'h "  , 
'h� 
- I  Lath Wood Lath 'II" Sand A9S Plastered Plaster�d P lostered Y." ¥."" V,"  r Y2* - WEIGHT 
CONCRETE (lb per 
flOOR SU8FlOOR sq ft) 
2 ( 1 9)  
• (39) 
None Sand Agg 6 (59) 
o. 8 (79) 
\0 linoleum 10 (99) , or 2 ( 1 5 ) It Wt Agg 
Floo. Tile 80 Ib/ftl • (28) 
6 (4 1 )  
2 (20) 
4 (40) Il�' Sand A99 6 160) 
Wood Block 8 (80) 
on S lab 1 0  ( l aO ) 
It WI Agg
-� 
BO Ib/ft' 4 (29) 
j 6 (42)  
Floor T, le  J ' ''''  'n "  linoleum I Sand Agg 6 (62 ) 0' � (42) on 8 ( 82 )  lIo" Plywo od I 1 0  1 I �2 )  ". t W "" I " ' "  2 "  y ,. Slccp"r> 80 1b/ftl I � 13 1 )  6 ( 44 )  
.y; Ha,d .... o od I on ljl" 5vbfloor 
on 
2 "  x ," Slupe« 
2 124)  
4 ( 44) 
Send A99 I 6 16� )  
8 ( 8 4 )  
1 0  ( 1 04 )  
I t  WI A g g  1 ThO) 
80 Ib/ftl � (33 ) 
6 ( 4 6 )  
Sand II Wt 
Plaster P laster 
(5)  (l) 
.• 8 .• 3 
H .• 0 













.20 1 9  
I .33 .3 1 .32 .29 
.30 .28 
.29 .27 
.28 .26 r-:-2 6  - 26 
.22 2 1  





.22 21 - -
.22 2 1 
. 1 9  . 1 8  
. 1 6  . 1 6  
I-
.�  - -�  C:O"OllO!I£O' ''' Non� 
- -, - - - I flOOR SU8FlOOR 
None 
I 
None 1��· Wood (2)  .35 
2 "  Wood (5)  27 I '0/,," Wo.;d(2i) Yt "  Ceramic Tile .38 
on ' �" Cement 2" Wood (24) 24 
Ilh' Har d w o od Flcoor 
or linoleum on ,y"o Wood ( 5 )  . 3 3  
% "  Plywood 2 "  Woad (7 )  2 2  
y," L i n o l e u m  on 
Y4'" HordbOCird on  '¥a"  Wood ( 5 )  .29 
Yo' Insulot inll �ord 2 "  Wood (8 )  . 2 0  I 
'II. 
Tde Tile 
( I )  ( 1 )  
. l l  .26 
.30 .25 
.28 . 2 4  
.27 23 
.26 .22 
26 .2 2 
.2 1 . 1 9 
. 1 8  . 1 7  
.25 . 22 
.2 4 . 2 1  
.23 . 2 1  
. 2 3  .20 
.22 . 1 9  
. 22  . 1 9  
. 1 9  . 1 7  
. 1 6  1 5  � ) .24 . 2 1  
I .23 .21  .23 .20 .22 . 1 9  
.2 1  . 1 9  
.2 1 . 1 9  
. 1 8  . 1 6  
. 1 6  . 1 4  -
. 1 8  I 20 .20 . 1 8  
I . 1 9  . 1 7  1 9  . 1 7  
1 8  . 1 6  
1 8  . 1 6  
. 1 6  . 1  � 
. 1 4 . 1 3  




loS "  'II • •  
Tile Tile 
( / )  1 1 )  
.25 .22 
1 8  . 1 6  
. 1 8  . 1 7  
. 1 4  . 1 3  , 
. 1 7  . 1 6  
. 1 4  . 1 3 , 
. 1 6  . 1 5 I . 1 3  . 1 2  




. 3 1  .28 
.29 .27 
.28 .16 
.27 . 2 5  1- .27 .25 
.22 . 2 1  




.22 .2 I -
.22 . 2 1  
. 1 9  . 1 8  
1 6  . 1 6  





.25 .2l  
. 25 .2 • 
. 2 1  .20 
. 1 8  . 1 7  
.2 • .23 
23 .22 
.22 . 2 1  
. 2 2  . 2 1  
. 2 1  .20 
. 2 1  .20 
. 1 8  . 1 7  
. 1 6  . 1 5  
V. "  I "  
Boord Board 
(2) (4) 
. 23 . 1 7 
.22 . 1 7  
. 2 1  . 1 6  
.2 1 . 1 6  
.20 . 1 5  
.20 . 1 5  
. 1 7  . I �  
. 1 5  . 1 3  
.20 1 5  
. 1 9  . 1 5  
. 1 8 . 1 5  
. 1 8  . 1 4  
. 1 7  . J (  
. 1 7  . 1 4  
. 1 5  . 1 3  
. 1 4  . 1 1  -- -
.25 .23 .23 .22 1 9  . 1 5  
.24 .22 .22 .21 1 8  . 1 5  
.23 .21  .22 .21 . 1 8  . 1 4 
.22 . 2 1  2 1  .20 1 7 . 1 4  
. 2 1  .20 
I 
.20 . 1 9  . 1 7  . 1 3  
. 2 1  .20 .20 . 1 9  . 1 7  1 3  
. 1  S . 1 7  1 7  . 1 7  I ;  1 2  
. 1 6  . 1 5  I . 1 5  . 1 5  . 1 3  1 1  .20 20 . 1 9  . 1 6  . 1 3  I .20 20 . 1 9  . 1 9  . I S  . 1 6  . 1 3  1 9  . 1 8  . 1 9  . 1 8  . I S  1 3  
I . 1 9  . 1 8  . 1 8  . 1 7  . 1 5  1 , . 1 8  . 1 7 . 1 7  . 1 7  I . 1 4 1 2  
I . i 8  . 1 7  . 1 7  . 1 7  I . 1 4  . 1 2  I . 1 6  . 1 5  . 1 5  . 1 5  . 1 3  . 1 1 1 4  . 1 4 . 1 4  . 1 3  . 1 2  . 1 0  , 
FRAME CONSTRUCTION CEILING - - --
Suspended or Furred - I y," Gyp.um i 'nsuloting 
Meta l  0' 800rd Plain or 
lQth Wood lcth 'h" Sand Agg 
Plastered I Plo"tered Plastered 
�{ " r '1'." V, " 'h "  I I " Sand lt Wt Sand lt Wt 'h "  Plaster Plaster Pla,Ier Plaster Soard I Bocrd (7) (l )  (5)  ( 2 )  I (2 1  I ( 4 )  
. 5 1  .43 44 .40 I . 3 1  . 2 1  
.26 24 .24 .23  , . 1 9  . 1 5  
. 1 9  . 1 7  . 1 8  . 1 7 I . 1 5  . 1 2  I I . 1 9  . 1 8  . 1 8  . 1 7  . 1 5  . 1 2  
. 1 5  . 1 4  . 1 4  . 1 4  . 1 2  . 1 1 
. I B  1 7  . 1 7  . 1 6  . 1 4  . 1 2  
. 1 4  . 1 3  . 1 3  . 1 3  . 1 2  . 1 0  I I 
. 1 6 . 1 5  I . 1 6  . 1 5  . 1 3  . 1 1 . 1 3  . 1 2  I . 1 3  . 1 2  . 1 1 . 1 0  




1 )1, "  y.." Ti le Til. 
( I )  I ( 1 )  
.23 .20 
! .22 .20 .22 19 
I . 2 1  . 1 9  
I .20 . 1 8  
.20 . 1 8  
. 1 7  . 1 6  
. 1 5  . 1 4  
.20 . 1 8  
. 1 9  . 1 7  
. 1 8 . 1 7  
. 1 8  . \ 6  
I . 1 7  . 1 6  
. 1 7  . 1 6  
I . 1 5  . 1 4  
. 1 ' 1 3  
.20 . 1 7  
. 1 9  . 1 7  
. 1 8  . 1 6  
. 1 8  . 1 6  
. 17 . 1 5  -
. 1 7  1 5  
1 5  . 1 4  
. I 4 . 1 3  
1 7  . 1 5  
. 1 6  . 1 5  
. 1 6  1 4  
1 5  . 1 4  
. 1 5  . 1 4  
. 1 5  . 1 4  
. 1 3  . 1 2  




, _'AI " Gyp,um , 
'h "  'I." 
Til. Tile 
( I )  ( I I  
I . 3 1  .27 
I .20 . 1 7  . 1 5  . 1 4  i . 1 5  . 1  � 
. 1 2  . 1 2  
. 1 4  . 1 3  
. 1 2  . 1 1 
I . 1  • . 1 3  . 1 1  . 1 1  
1 9 58 ASHAE Gu,d. 
qu.lion" Heat flo .... down. uncondilioned 'pace above: Heat Gain. Btu/h. = (Area, sq h)  X (U value) )( (ouldoor lemp - in,ide temp - 5 Fl. 
Kilct.en above: Heal GalO, 8hJ/hr = (Areo, .q II) X (U value l X (actual lemp dill, or outdoor remp - inside temp .- 1 5  f 10 25 Fl. 
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T A B L E  4 8 - HEAT GAIN F R O M  P E O P LE 
A v er .. 
a ge R O O M  D R Y - ElULB T E M P E R A T U R E  
M el - A d -
D EG R E E  O F  T Y P I C A L  abolic jYUed : A C n VITY A P P L I C A T I O N  R o l e  M e t - 82 F 80 F 78 F 15 F 70 F ----f-- - - - I (Adull aballe Blu/hr Blu.'hr Btu ihr I Blu/hr Blv/hr R ate * Molel 
8,u/hr 81u hr SenSible [ lolent I Sensible 1 Lotenl Sensible I Lotent: Sensible lotent I Sensible lotent 
Seated at rest Theat�, 
Grod .. School 390 3 50 1 75 1 7 5  1 95 I S S 2 1 0  1 40 230 
StQt.dt v er y  l ight I 
1 85 I I work High School 4 50 400 1 80 220 1 95 205 2 1 5  240 
Office work�r Offices, Hotels, 1 
A pts., Coliege 475 
450 I SO 270 200 250 2 1 5  2 3 5  I 245 
Stonding, worki ng o ept.t R eloil, or  
. Iawly i Voriety Store 550 
WolkinQ. leated 1 DrUG Store 550 
TABLE 4 S - VENTILATION STANDARDS 
- -






Sroker's Boord Rooms 
Cccktatl Bars 
Corridors (S.,pply or f�houJ,')  
O-epOf1l':'lenf Stot' e �  
OireCfou Roo.To) 
Drug Stores f 
fa�l'jeJ. : §  
five and Ten C e n l  Storet. 
funerol Parlors-
G a r a g e  t {O p e r a 'ing Roomd · ·  
Hospitals Private Rooms 
Words 
Hotel �oom� 
l(itc:hen{Re"1ouran, t Rewdence 
lobOt"otories t 
Meeling Rooms {Gener al 
Office Privofe 
Prlvale {Cofe1eriO t 




Toilets t (Exhaust)  
-- - -











! Considerobll!! None 














CF M , E R  P E RSON 
Recommended Minimum-
20 1 1 5  
30 25 
1 0  7 ,/, 
1 5  1 0  




7 V,  5 
50 30 - -
1 0  7 \.'2 
1 0  } \.'2 
l Yl. 5 




20 1 5  
30 i 25 - -- -
10 I 1 5  
50 I 30 1 5  1 0  25 1 5  
30 2 5  
1 2  1 0  
1 5  1 2  - -
- -
1 0  ! 7 \.'2 7 \.'2  5 1 5  1 0  - -
1 20 r 260 90 
1 60 275 1 2 5 
205 2B5 165 
---
CF M PER 
S Q  FT OF flOOR 
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